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1?REFACEL 



I HE establishment of a scienlifit Sbdety for 
cultivating and diffusii^g a knowledge of Mi- 
neralogy and Geology, in a disftfict so inex- 
haustibly rich \n all the varied treasures of the 
mineral kingdom, and so singularly adapted^ 
both from its natural structure and artificial 
excavations, for the examination of subter- 
ranean phenomena, must be hailed as an event 
of high importance, as well to the progress of 
geological knowledge, as to the advancement 
of the mining resources of the County of 
Coniwall ; for the benefits which such an In- 
stitution is capable of imparting to our local 
interests, by defining and multiplying the ob- 
jects of economical industry, are not less 
numerous and substantial than thosie which it 
will necessarily confer upon Science, by col- 
lecting, arranging, and generalising instructive 
facts. The want of some intelligent system 
of communication, some repository for the 
record of the new phenomena which are daily 
discovered in the mining districts of the county, 
has been long felt and often lamented ; whilst 
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VI PREFACE. 

the history of the different mines offers the 
strongest proofs of the gireat necessity of so- 
liciting, in order to obtain successful results in 
an art so obscure as that of minjng, all the 
aids of reason as well as those of experi- 
.ence^ and of combining rational theory with 
the routine of practice. Had such an union 
been always maintained^ we should never have 
heard of the most valuable productions of our 
county having been thrown into the sea, nor of 
their having been used as materials for the 
repair of roads, or the construction of cottages : 
on the contrary, by a discipline so itc^ulated, 
how many thousand tons of ore would have 
been gained ? how many years of unprofitable, 
but expensive, labour saved ? and how many 
individual adventurers would have been thus 
preserved from disappointment, or rescued from 
ruin ? 

The Council htimbly conceive that the 
labours of the Society are devoted to the ac- 
complishment of two great purposes, intimately 
related^ and mutually subservient to each 
other — ^The Discovery of New Facts to enrich 
Science, and the Application of Science, to 
IMPROVE Art. How far such reciprocal advan- 
tages may result from the exertions, of this 
Society^ the World may now form a judgment; 
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but in appreciating the value of its pre- 
sent labours, let it at least be remembered 
that, as yet, the Society is but in its infancy^ 
and that, during its short progress, it has had 
many unforeseen obstacles to sarmount, much 
unworthy prejudice to combat, numerous mis- 
conceptions to rectify, and great personal as^ 
sistance to solicit. 

The splendid and extensive scries of speci* 
mens already collected^ and deposited in an 
elegant and spacious museum, offers a most 
honourable and durable testimony of the zeal 
and talent with which this department has 
been conducted; whilst to the student in mi- 
neralogy, it affords a most desirable and solid 
systiem of instruction. 

A Model room is attached to the Museum, 
for the reception of the models of new and 
improved machibery, and the Council beg to 
state^ that the Society will receive with grati- 
tude all communications upon this interesting 
branch of mechanical philt)sophy. 

A list of the contributions to the Cabinet is 
appended to this volume, but a more dis- 
tinguished notice is due to the following donors, 
on account of the value of their presents. To 
John Henry Vivian, Esq. for five hundred 
specimens, descriptive of the characters of 
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simple minerals^ collected at Freyberg, under 
the direction of the celebrated Werner. To 
William Maclure, Esq. of Philadelphia, for 
an extensive series of specimens^ illustrative of 
the geology of the United States of America. 
To Mr. Trevithick, Engineer, for having col- 
lected in the mining districts of Peru, specimens 
to elucidate the hitherto unknown structure of 
that metalliferous country. And to Ashhurst 
MajendiEj Esq. for his numerous donations to 
the mineralogical as well as geological depart- 
ments of the Cabinet. 

In the construction of a geological map of 
Cornwall, the Society has made considerable 
progress, and the Council trust that from the 
zealous and united exertion of its members, 
its completion may be confidently anticipated. 

In the successful result which has attended 
the efforts of the Society to prevent the loss of 
life by accidental explosion, the most unen- 
lightened and prejudiced must see and acknow- 
ledge the great utility of the Institution; whilst 
the more liberal and accomplished members of 
the community, will receive with satisfaction 
this additional proof of the power of science to 
encrease the comforts of life, or to diminish the 
evils which so frequently attend the necessary 
occupations of mankind . 
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1^ — On a recent Formation of Sandstone, occur-'-: 
ing in various Parts of the Northern Coasts 
of Cornwall. 

Bv JOHN AYRTON PARIS, M.D., F.L.S., &c. 

HONORARY MEMBER OF THE tOCIETY* 



XhE investigation which I have the ho- 
nour to submit to the Society^ is one of veiry 
extraordinary interest, as being capable of 
throwing considerable light upon the import- 
ance, as well as nature and extent, of some 
of those changes which the surface of the globe 
is continually undergoing in arrangement, 
structure, and composition ; and of offering an 
explanation of several of the more secret phe- 
nomena which accompany them. 

The decomposition and waste of hills and 
mountains, and the decay of the most solid 
parts of the earth, have excited the attentioH 
of all ages, furnishing imagery to the poet, 
and lessons to the moralist; but the infancy pf 
those sciences connected with Geology has 

A 
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liitherto/'-retarded every investig^ation into the 

imitiediate causes of such decay^ and into the 

naixire of those hidden processes by which 

iJiture counteracts it. Every enquiry xion-^ 

* .^uected with so interesting a subject wilj, I 

/*...;• ' trust, be received by the Society with the at- 

/.';' tention its importance merits, and with that 

indulgence which its difficulty requires. 

The Sandstone, which forms the subject of 
this paper, occurs in various parts of the 
Northern Coast of Cornwall, and certainly 
affords one of the most splendid and instructive 
instances of Recent Formation upon record; 
we actually detect ^N^Uure ^t work in changing^ 
calcareous sand into stone ; and she does not 
refuse admittance into her manufactory, nor 
does she conceal with her accustomed reserve 
the details of the operations in which she is 
engaged. It does not, however, appear that 
any Geologist has fully availed himself of so 
rare an indulgence. No complete and satis* 
tactory explanation has been hitherto afforded 
of this, interesting formation, nor of the phe- 
nomena which attend it. At the period that 
Doctor: Borlase wrote the Natural History of 
Cornwall, the science of chemistry scarcely 
existed : we must not, therefore, be surpris^ 
at finding that he attributed the concretion of 
shelly sand to the agglutinating quality of 9ea- 
water. 

Recent formations, similar to that which I 
am about to describe^ occur in various parts 
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of the world. Saiissur^ informs us, that the 
loose sand near Messina and the Gnlf of Cha- 
rybdis becomes gradually so consolidated/ that 
in a few years it serves for the purpose of mill- 
stones-*, which change^ Saussure, as well as 
Borlase, attributes to the infiltration of .some 
cementing principle from the sea. At Giiada- 
loupe^ another example is to be seen ; and a 
splendid sf)ecimen of the stone, containing a 
human sketeton, the remains probably of some 
diipwre^ked mariner, has been lately deposited 
in the cabinet of the British Museum, and is 
well known for the geological speculations 
which it has excited. 

In describing the recent formation on the 
coast of Cornwall^ I shall begin by offering 
i^me remarks on the natural history of the sand 
itself; and then, by following the steps of Na- 
ture, gradually trace her through the suc- 
cessive stages of the operation by which she 
agglutinates its particles^ and completes its in* 
duration* 

A very considerable portion of the Northern 
Coast of Cornwall is covered with a calcareous 
sand, consisting of minute particles of •com- 
minuted shells. That part which lies between 
Saint Ives and Padstow is more immediately 
the subject of the present enquiry; a tract 
which, with a few exceptions, is entirely co- 
vered with this species of sand ; and which, 
in sonle places^ has accumulated in quantities 
BO great as. to have formed hills of from forty 

. a2 
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to sixty feet in elevation. A considerable area, 
for instance in the parishes of Gwythian and 
Phillack^ has been thus desolated^ and several . 
churches have been inundated. In diggings 
into these sand-hills^ or upon the occasional 
removal of some part of theni by the winds, the 
remains of houses may be seen ; and in some 
places, where the church-yards have been over- 
whelmed, a great number of human bones may 
be found. 

Th$ sand is supposed to have been originally 
brought from the sea by hurricanes, probably 
at a remote period. Amongst the Arundel 
Papers there is mention of such an event having 
happened in the twelfth century ; and the dis- 
proportionately high valuation of the rectory 
of Gwythian in the old valors, when compared 
with that of other parishes, which were thea 
rated much lower, though now of very superior 
value, aiFords a probable conjecture that much, 
kind has been lost by the influx of the sand. 

At present, the progress of the sand's in- 
cursion is arrested by the growth of the arun- 
do arenaria;^ and it would be well if the landed 

* The Talue of this useful rush has been long known* 
There was an act of parliameat in Scotland, so long ago as 
the year 1095, to prevent persons who collected this ruah^ 
(then known by the name of starre or bent) for the purpose 
of making mats, from plucking it up, and thereby loosening 
the sands ; a clause to the same effect was introduced in m^ 
multifarious act of parliament in the year 1742. The ope- 
ration of this clause extends generally to the North- We^^ 
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proprietors of these districts were to encourage 
its dissemination. 

The sand first appears in a slight but en- 
creasing state of aggregation on several parts 
of the shore in the Bay of Saint Ives; but on 
approaching the Gwythian river it becomes 
more extensive and indurated. On the shore 
opposite to Godrevy Island^ an immense mass 
of it occurs, of more than a hundred feet in 
length, and from twelve to twenty feet in depth, 
containing entire shells and fragments of clay- 
slate; it is singular that the whole masd as- 
sumes a striking appearance of stratification. 
In some places, it appears that attempts have 
been made to separate it, probkbly for the 
purpose of buildiiig ; for several old houses in 
Gwythian are built of it. The rocks in the 
vicinity of this recent formation in the Bay of 
Saint Ives are Greenstone and Clay- Slate, which 
alternate with each other. The Clay-Slate is 
in a state of rapid decomposition, in conse- 
quence of which, large masses of the Horn- 
blende rock have fallen in various directions, 
and given a singular character of picturesque 
rudeness to the scene: this is remarkable in 
the mass of rocks which constitutes Godrevy 
Island. 

coasts of England ; but such persons as claimed prescriptive 
right of cutting it on the sea-coasts of Cumberland, are ex- 
empted from its operation, 

A3 
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It is around the promontory of New Kaye 
that the most extensive formation of sandstone 
takes place. Here it may be seen in different 
stages of induration ; from a state in which it 
is too friable to be detached from the rock 
upon which it reposes^ to a hardness so consi-* 
derable that it requires a very violent blow from 
a sledge to break it ; specimens of it in tJiese 
different . states are deposited in the Museum 
of the Society.. Buildings are here constructed 
of it ; and the church of Crantock is entirely 
built with it. Bv the inhabitants^ the stona is 
employed for various articles of domestic and 
^ricultural use. In the sandstone in the* Bay 
of New Kaye, I observed several holes bored^, 
which I learnt were for the purpose of admit-? 
ting (^bles to which the vessels were moored, 
I mention this circumstance to convey some 
idea of the indurated state of the sandstone. 

In examining attentively the structure of the 
stone^ the ^elly particles may be frequently 
observed to be spherical^ from the previous 
operation of water; a circumstance which throws 
f^onsiderable lijght upon the formation of oolite. 

The geologist who had previously examined 
the celebrated specimen from Guadaloupe, will 
be struck with the great analogy which this 
formation bears to it; and suspecting that 
masses might be foqnd containing bura<iu bones 
imbedded^ if a diligent search were -made in 
t^e vicinity of those ^emeterjes whicl^ have 
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been orerwhelmed^ I made an excursion with 
my friend Sir Christopher Hawkins ; but time 
and patience failed us^ and the discovery is 
reserved for some more persevering and fortu- 
nate member of the Society. 

The rocks upon which the sandstone re- 
poses are day-slate and slaty limestone, which 
alternate with each other. The inclination of 
the beds is S.S.W., and at an angle of 40°. 
Upon the plane formed by the edges of these 
strata lies a horizontal bed of rounded pebbles^ 
cemented together by the sandstone which is 
deposited immediately above them^ forming a 
bed of from ten to twelve feet in thickness^ and 
containing fragments of slate and entire shells^ 
and exhibiting the same appearance of stratifi- 
cation as that noticed in St. Ives Bay ; above 
this sandstone lie immense heaps of drifted 
sand. 

But it is on the western side of the promon- 
tory of New Kaye^ in Fistrel Bay, that thg ge- 
ologist will be most struck with the formation ; 
for here no other rock is in sight. The cliffs, 
which are high, and extend for several miles, are 
entirely composed of it ; they are occasionally 
intersected by veins and dykes of Breccia. In 
the cavities, calcareous stalactites of rude ap- 
pearance, opaque, and of a grey colour, harig 
suspended. The beach is covered with dis- 
jointed fi-agments, which have been detached 
from the cliff above^ many of which weigh two 
or^ three tons. 
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If we extend our observations towards Pad- 
stow, we shall find some very instructive phe* 
nomena in Permiscen Bay, to which I shall 
hereafter have occasion to allude. 

Such then is the nature and situation of this 
most interesting formation of recent sand- 
stone. In the next place, we have to enquire 
into the causes which have operated in thus 
consolidating the sand, and into the peculiar 
circumstances under which this operation has 
been conducted. 

It will appear that there are three distinct 
modes by which the lapidification of calcareous 
sand may be effected, and that the present for- 
mation is capable of affording characteristie 
examples of each of them. 

It is my intention to consider these different 
principles separately: the subject is full of 
importance, and may, by disclosing the ope-' 
rations of nature, lead to improvements in art. 
By discovering the phenomena which attend 
the formation of rocks, we may be led to the 
improvement of the different cements in pre- 
sent use, or to the invention of others which 
have never yet been employed. 

The three species of cementing matter to 
which I allude, are all deposited from water in 
which they are either held in chemical solution 
or mechanical suspension; the water having 
derived them from the substances which it has 
percolated : thus^ the first species is obtained* 
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I, — By the percolation of water through a hill of cal^ 
eareous sand^ by which it becomes impregnated with 
Carbo^te of Lime* 

Carbonate of lime, without an excess of 
carbonic acid, is very sparingly soluble ; but 
it is the very minute quairtity of the substance^ 
held dissolved in a large quantity of water, 
which renders its texture so compact and dense 
when precipitated, and its cementing powers 
so considerable ; for it may be stated as a ge- 
neral principle, that the density and compactness 
of a precipitate will vart/y in an inverse ratio, 
with the rapidity with which it is deposited. 
Thus Calcareous Tufa^ which is rapidly depo- 
sited from warm springs, is light and spongy 
in its texture; whereas Travertine Marble, 
being slowly precipitated from the waters of 
Tivoli, assumes a solid compact form. A fa- 
miliar illustration of the dense texture and ce^ 
menting property of precipitates, when they 
are slowly deposited, is presented to us in the 
instances of the obstinate adhesion of calca- 
reous incrustations to the interior sur&ces of 
water-decanters. 

A very dense and compact limestone is now 
forming, from slow deposition, in the vast lake 
of Erie, in consequence of the evaporation of 
its waters, that are derived from rivers which 
have flowed through extensive countries of 
limestone : this formation may be seen on the 
sides of the lake; and^ during frosts^ large frag- 
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ments of it^ attached to blocks of ice> may be 
observed floating on its surface. When thfe 
Falls of Niagara are destroyed^ which in the 
common course of geological changes must 
take place^ this immense lake will be drained^ 
and future geologists may be then engaged in 
speculating upon its limestone, as >ve are now 
with a similar one which lines the great basin 
of the Mississippi, and which probably derived 
its origin from the same cause. 

I have dwelt upon this subject to shew the so- 
lubility of carbonate of lime^and at the same time 
to prove, that when it is precipitated by slow 
evaporation, it assumes a highly compact texture, 
and possesses considerable power of lapidifica- 
tion. The application of these views to the pre- 
sent subject is obvious : — the carbonate of lime> 
derived from the solution of a portion of the shells 
through which the water flows, affords the ce- 
ment ; whilst the slowness with which it is again 
precipitated^ accounts for the extreme hardness 

* At the request of my friend Mr. Whidbey, the intelligent 
director of the Plymouth Breakwater, I ha^e lately examined 
the "water which is to supply the British navy. A reserroir 
Ikas beeor formed capable of holding sixteen thousand tons ^of 
irater. The water, which is constantly running into it, is 
extremely pure, containing only a very minute proportion of 
carbonate of lime, which it must have acquired during its 
percolation through the transition limestone of that district* 
The effect of this will be the deposition of a stratum similar 
^ that in Lake Erie, and conseqaently it will give a perma- 
oeni security to the resenroir^ and effectually prevent any 
leaking* 
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and compact texture of the sandstone; striking^ 
examples of this fact may be seen in Permiscen 
Bay.* Had the cementing principle been held 
in solution by ^n excess of acid^ it would have 
been deposited in a larger quantity^ as well as 
with greater celerity^ and the sandstone would 
probably^ under such circumstances^ have been 
fipongy, friable^ and scarcely indurated. 

Let us proceed to the second source whence 
a lapidiiic principle iQay be obtained. 

II.— TAe percolation of water through strata contain'' 
ing Pj/ritical Substances^ bj/ which it becomes im^* 
pregnated with Sulphuric Salts. 

I was led to suspect that the cementing prin- 
ciple might occasionally be a sulphate of liraCn 
from discovering in a specimen of the sandstone 
3mall transparent crystals of selenite, disseihi* 
nated through its substance. The loose sands, 
which are said to be found lapidified in volca- 
nic districts, may possibly derive their princi- 
ple of solidification from the action of sulphuric 

* It is a curious circumstance that water thus impregnated 
with carbonate of lime, from its iniiitration through shellj 
^^nd, should from' time immemorial hare enjoyed 'a reputa« 
tion in the neighbourhood for curing diseases. . I examined 
the waters of Holywell, so called from its supposed virtues, 
and those of Permiscen Bay, equally extolled for their medi- 
cinal qualities, supposing that I might possibly detect in them 
(the presence of iron: but I found only carbonate jtf lime^ 
in minute quaatities. 
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waters ; but I have not had any opportunity of 
ascertaining the fact by experiment. The sul* 
phatization of pyrites in the presence of cal* 
careous niatter^ is a universal source of gyp* 
sum : the circumstances under which the ele- 
ments of these, substances combine^ and the 
various chemical changes which accompany 
ihexa, I consider as amongst the most interest* 
ing facts which have been disdosed by the 
researches, of the mineralogist. 

The granular gypsum from the Palls of Ni- 
agara^ which Dr. Kidd describes as being *^ as 
white as snow," owes its origin to a natural 
process of this description. I am informed by 
Mr. M aclure of Philadelphia^ who has visited 
the spotj that it is formed in consequence of the 
action of water upon decomposing slate which 
contains numerous veins of carbonate of lime 
and sulphuret ofiron^ 

I have in my possession a series of incrusta-^ 
tions which were taken out of the boilers of 
several steam-engines ;* one of them presents 
an admirable instance of the formation of sul« 
phate of lime, and its surface is beautifully 
studded With well defined crystals of selenite ; 
the water which supplied the boiler, and from 
the evaporation of which this substance was 
deposited, was drawn from the depths of a mine,^ 

* An account of these specimens is recorded in the Mt« 
iiiites of the Society, and published amongst the Scientifiic 
Notices at the end of this Volume* 
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the country of which I ascertained to be clay- 
slate^ intersected with veins of fiyrites, and 
saiall runners of carbonate of lime. 

There would seem to be a singular disposi- 
tion in all the combinations of iron to pass suc- 
cessively through a series of complicated ar- 
rangements; a property which has evidently 
been bestowed upon them in order more ef- 
fectually to ensure the general distribution of 
an element so essential to animal and vegetable 
existence, and so active in producing many im- 
portant changes in the mineral oeconomy of the 
globe ; some of which will form matter for con- 
sideration under our third and last^ but most 
general^ principle of lapidification^ viz. 



III. The percolation of water through decomposing 
slatCy or any other ferruginous strata} hy which 
it becomes impregnated with irouy alumina^ and 
other mineral matter^ 

The infiltration of water which has previously 
traversed a country of decomposing slate, or 
of ofher strata, into loose sand, is a very com- 
mon and extensive cause of lapidification. At 
Pendeen cove, in the parish of St. Just, a 
stratum of granitic sand is at this time gradually 
hardening into sandstone, or granitic breccia, 
in consequence of such] an infiltration ; strata 
of pebbles may be aUo ^qen agg^lutiuated front 
the same cause. 
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The sandstone upon which the town anrf" 
castle of Nottingham are situated^ is evi- 
dently of recent formation, owing its ag*- 
gregatiort to the presence of iron and clay. 
The calcareous sand may be seen in a state of 
encreasing induration from the same cause, in 
numerous parts of the coast of Comvpail, 
especially in the cliff of Saint Ives Bay, about 
a mile north of the estuary at Hayle ; where a 
stream of water is slowly percolating decom- 
posing slate, and dripping upon the loose sand 
on the beach, which is gradually becoming 
indurated in the direction in which the water 
diffuses itself. It has been long known that in 
the induration of mineral substances, iron acts 
a very important part, and we shall also find 
in the course of the present enquiry, that this 
element is no less active in effecting their' 
decomposition and decay. 

In alluding to its cementing property, the 
most superficial observer must have noticed 
the concretions which constantly appear on 
the beach around a rusty nail, or any fragment 
of iron; and the mineralogistis well acquainted 
with the proofs which Mr. Kirwan has col- 
lected in support of the fact. Dr. Pothergill 
also states, that stones already formed may be 
still farther indurated by the infiltration of 
slightly oxidized iron. Thus having repeated- 
ly washed pieces of Portland Stone with water 
impregnated with iron^ he found them in a few 
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years to have gained such a de^ee of hardness, 
asto yield a metallic sound when struck, and to 
resist the impression of any ordinary tool : 
this result also clearly explains the cause of the 
^iperior hardness of coloured to white raiirbles. 
It is unnecessary to multiply examples. It 
cannot be denied that iron^ in a certain stage 
of oxidation^ possesses the property of cement- 
ing and indurating the particles of bodies with 
which it may be combined; nor is it less 
certain that this operation is limited^ and that 
iron not only ceases to produce such an effect 
by combining with more oxygen, but that, by 
«uch a change, it acquires an opposite property, 
and becomes the immediate and active cause of 
decomposing the very rock which it formerly 
consolidated. One instance may suffice to 
illustrate this truth. The sandy soil in the 
neighbourhood of Ommersley, Halesowen, and 
many other parts of Worcestershire and Shrop- 
shire, is derived from the Sandstone * of the 
JVfidland Counties, the disintegration of which 
has been effected by the peroxidation of its iron, 
as is shewn both by its red hue, and by the 
green colour which it imparts to the glass of 
Stourbridge, of which it constitutes the prin- 
cipal ingredient. The Count de Bournon 
appears disposed to believe that the decom- 
position of primitive rocks has been the only 
source from which the iron has been derived, 
that is now so universally spread over the 
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surface of the earth.* We recognise in these 
facts the operation of a most beautiful and 
important law ; we learn that the most opposite 
effects are produced by the modification of but 
one principle, and that Formation and Decom- 
position are not^ as the ignorant suppose^ the 
beginning and end of material existence ; but 
terms expressive of well regulated operations, 
which extend through ages of endless duration, 
maintaining and perpetuating the harmony^ 
beauty, and integrity of the universe. The 
ruin therefore of our hills, and the varipus 
catastrophes which the surface of our earth 
continually undergoes, must be no longer 
considered as the awful type of frailty and 
decay, or as preludes to the more fearful 
changes which the superstitious observer is 
ever ready to anticipate; but they must be 
regarded as wise provisions to ensure on the 

* Some French Philosophers have imagined that ironowe» 
its origin to decayed plants and animals. I would take this 
opportunity to observe, that vegetables appear to possess the 
power of deoxidizing the compounds of iron, and thereby 
of rendering them soluble in their juices : this apparently ex-' 
plains the conversion of vegetable matter into pyrites, by 
the infiltratioiwif chalybeate salts. May not this be one of 
the means employed by nature for rendering iron again useful 
in the scheme of creation, by restoring that portion into cir- 
culation which has become, during its agency, insoluble and . 
inert by peroxidation. That animal matter possesses similar 
powers has been shewn by Mr. Pepys^— (see Transaction* of 
the Geological Society of London.) 
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surface of the globe that circle of changes so 
essential to animal and vegetable existence. 

<< By ceaselesH action, tAi that is, sabsisti. 
Coostant rotation of th^ unwearied whael^ 
That Nature rides npoii, maintains her healthy 
Her beauty, her fertility • — She dreads 
An instant pause, and lives but while she moTes. 
Its own retolrency upholds the world," 

Since this paper was read before the Society^ 
my friend^ Mr. Boase, has enabled me to add 
stnother striking and beautiful illustration of 
the peculiar views which I have endeavoured to 
maintain. '' I have/' says he, ^* lately visited 
the Islands of Scilly ; no where is the opera- 
tion of the elements, in decomposing roeks, 
more visible and striking ; indeed so rapid is 
the progress of disintegration, that unless some 
regenerating operation be instituted by nature^ 
this land of rocks will, at a period which in the 
language of Geology may be sityled not very 
remote, be a range of sand banks. Struck 
vrith such an appearance, and bearing in my 
recollection the principles developed in your 
memoir upon the recent Sandstone forma^ 
tion, lately read before the Society, I was 
sanguine in the hope of discovering in these 
islands, an additional testimony of their truth. 
My search has been rewarded by complete 
success ; a process similar to the one you have 
described, may be detected in its progress, on 
an extensive seale^ in the Island of St Mary, 
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behind the quay^ and between the front of the 
Garrison Hill and Rat Island. In these plaees 
the granitic sand is becoming indurated by the 
slow infiltration of water holding iron in solu- 
tion, which appears to be derived from tlie 
decomposing hills above it/* 

Many instances of ^^ regenerated granite/^ 
as it has been termed, similar to that which 
Mr. Boase has described as occurring in the 
island of St. Mary, have been placed upoa 
record. Pallas is of opinion that all stratified 
granite is formed from the decomposed grains 
of the primitive mass. Dr. MacCuUoch has 
also, observed that the whole of the southern 
and western parts of the island of Alderney 
are composed of a grit^ which is evidently an 
aggregate, derived from the debris of granite. 

Lasius found gjranitic sand, employed in fill- 
ing a dyke in the Elbe, hardened to such a 
degree in the space of sixty years, as to pre- 
sent a solid mass, scarcely distinguishable from 
primitive granite ; he also found that where 
both were in contact, they were with difficulty 
:sepa'rated by a blow. Saussure found it i^ 
the fissures of Gneiss. Lavoisier also dis- 
covered, near ihe mountain of Hypolite, two 
beds of indurated granite, or, as he calls it, 
true granite, alternating with two beds of 
granitic sand that lay over each : this ca^ 
have been no other than regenerated gra^ 
iiite, formed by infiltratron from tlie superior 
granitic 3and. 
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That the harmony of the universe is main- 
tained by the reciprocal operation of the power 
of creation and of destruction, was a favourite 
opinion of the ancient philosophers^ and we 
find constant allusions to it in their writings 

^^ Sic omnia Fatis 
Id pejus mere ac retro sublapsa referi.'^ 

Kor have they omitted to perpetuate such an 
idea by symbolical images; we recognise it in 
the emblem of a Lyre supported by a Bull and 
Lion; thus expressing that Apollo was wor- 
l^hipped under the double character of the 
Creator and Destroyer. 

It was, however, reserved for the researches 
of modern science to bring to light the nature 
of those operations, by which such a harmony 
was preserved. The views which have been 
offered in this memoir seem to afford some clue 
to the investigation. To discover order and 
intelligence in scenes of apparent wildness and 
confusion, is the pleasing task of the geological 
enquirer ; in contemplating the circumstances 
connected with the formation of the sandstone^ 
a most beautiful and unexpected demonstration 
of design is afforded ; like the mariner cast upon 
an unknown shore, we discover the traces of a 
footstep upon the sand, and may exclaim with 
rapture — ^ A God dwelleth here/ 
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!!• — An Account of some Granite Veins at Porth 
Jfist, near Cape Cornwall. 

By JOHN DAVY, M.D., F.R.S., &c. 

M£MB£R OF TU£ SOCIETY* 



XHE Granitic veins about to be described 
are situated at Porth Just, near Cape Corn- 
wallj and below the tin-mine called The Little 
Bounds. 

A brief and very general account of the ad- 
joining rocks will first be given, which may be 
useful, preparatory to the description of any- 
minute i^enomena. 

Towards the South, the cliffs are composed 
of granite ; and, towards the Nortli, of the 
Killas of our miners, or of what appears tome 
to be Grofwacke Slate. The granitic and schis* 
tose rocks are separated by a large vein of me- 
iaUiferous quartz (the lode of the mine above 
mentioned) ; which, besides oxide of tin, for 
which it is worked, contains some native cop- 
per, difierept oxides of iron, and a variety <Jtf 
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miuerals. The granite^ as is the case in most 
monntaiii-masses^ varies considerably in ap-" 
pearance and composition in different placel^. 
The mica in some places is blacky in others 
greenish^ and in some white. The felspai* is 
either white or reddish^ and presents either 
small indistinct crystals^ or large and regular 
ones. Neither is the differen6e confined to 
the colour and size of the constituent parts ;^ 
the proportion of each is not uniformly the 
same^ sometimes one ingredient^ sometimes an* 
other preponderates; besides felspar^ quartz^ 
and mica^ other substances may be observed in 
different places, as crystals of schorl or tour- 
maline^ crystals of the oxide of tin, iron py- 
rites^ and probably many other minerals might 
be found on more minute examination. In 
most places^ the granite is traversed by veins of 
quartz^ which in general are of a very small 
size^ and run in various directions. They 
appear to belong to that class of veins com- 
monly considered contemporaneo\is^ and they 
constitute the matrix of the ores just men* 
tioned. The killas or grey wacke slate pre- 
sents also some variety ; it vanes in hardness, 
in the proportion of mica and quartz it con- 
tains, and also in the proportion of the other . 
ingredients ; it varies too in the fineness and 
coarseness of its lamellar structure, and in the 
veins by which it is traversed. In most places, 
it resembles the kUlas that occurs at St. Mi- 
chael's Mount ; but no remarkable induration 
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of its substance is io be observed where it ap-^ 
proaches the gratiite^ or where the granitic veinsi 
pass. It dips towards the North, so that the 
tipper ends of the strata are elevated towards 
the South, but at an angle which is less 
than 45*. In it quartz greatly abounds, and 
chiefly in the form of layers, which appear to 
be^ contemporaneous with the rock in which 
they exist. This opinion is drawn from the 
following circumstances : the layers are mostly 
horizontal in their general direction, in many 
places tortuous, never apparently connected 
with any particular veins, and they are very 
irregular in size and form: in this killas too 
are situated the veins which have a granitic 
fippearance, and of- which fi description may 
be now given. 

The number of these veins is considerable ; 
they were not counted, but probably exceed! 
fifty ; their size greatly varies ; the largest vein 
is more than five feet thick, and the smallest 
observed was not more than one-tenth of an 
inch in diameter. They run in different di- 
rections; some about W. N.W. and E.S.E., 
some about E. and W.^ and some nearly op- 
posite, as N. and S., and consequently they 
occasi6nally intersect each other. In one in- 
stance of intersection, the disjointed parts of 
the vein running about N. and S. were heaved 
(as the miners in their expressive language terra, 
the fact,) about half an inch out of the coursck 
pf the vein. 
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The position of most of these veins ' is per; 
pendicular^ or nearly so ; this position to a 
considerable extent is well demonstrated in onife 
Tein by a perpendicular section of the cliff. 
in some places^ the veins are observed to bend 
out of the perpendicular, and to approach more 
or less the horizontal line ; in composition, and 
of course in general appearance, they differ 
very much. 

Some of the veins, and one vein especially, 
very much resembles the most perfect crystal- 
lized granite, consisting distinctly of felspar, 
qiiartz, and mica. This vein is not above an 
inch broad in the widest part, and in the nar- 
rowest, just before it disappears, it does not 
exceed a line : it occurs near the lode. Some 
of these veins abound in quartz, and have very 
much the appearance of a fine, compact, granu- 
lar, siUceous sandstone : of this description is 
Jhe largest vein, which is more than 5 feet thick. 
It has a porphyritic appearance from the red- 
dish crystals of felspar which it encloses ; and 
it contains besides some crystals of tourmaline 
and a little mica. In some placesi, this vein is 
of a dark grey colour, and in others of a light 
reddish brown ; it every where presents a very 
fractured appearance, and conveys the idea of 
fragments very closely compacted together ; it 
runs about E. and W. and overlies towards the 
South. Some abound in felspar, and resem- 
ble veins of compact felspar gather than gra- 
nite. 
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No "nrhere could any connexion be traced 
between the veins and the great neighbouring 
granitic mass ; and most of the veins^ even tbe^ 
smallest, appeared insulated^ 

Here it may be remarked that no small masses 
of gmiute were, observed included ia the killas, 
or of the killas in the great mass of granite ; 
but small portions of killas^ similar to the con- 
^guous rock, were not uncommon qecurrences 
in the granitic veixis. 

After this brief description^ the theoretical 
bearings of the phenomena are the next subject 
for consideration . The highly inclined position 
of the veins, their crystalline nature, the neigh- 
bouring granite^ seem circumstances favour* 
able to the Huttonian system-r^that they were 
projected from below, and that they ema- 
nated from the acyoining granite. On the con- 
trary, the variety of their composition, and the 
little resemblance which many of them have to 
the neighbouring granite, are circumstances un- 
favourable to their ideutity of origin. The exist- 
ence of felspar, quartz, and mica, in killas ; the 
existence of each of these subtances (as was 
observed at Forth Just) in a crystallized state; 
the occurrence ot killas abounding in felspar; 
the occurrence of horizontia.1 veins of quartz 
in the kiilas, somewhat resembling tiie granitic 
veins, and contaHiing a litUe felspar and 
mica, as is t requently the case ; and, la^^iiy, the 
existence of true uranite in such a vein^ are 
circumstances favourable to ' the idea that the 
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. v^qs i^ed franittc iii.tbi^ paptt arb conf empi9r 
r^^neoti^ M^ith. the rcyck enclosing them. The 
J9$i;*inenti<)ned dfcumstaoee^ the existence of 
true granite bn a veitt of qtiartt, is particularly 
agf e^ble to such a notion ; and^ as I believe 
}i to be a new oceurrence/ a more 'minute de- 
scription of the phendmenon xm-f be useful^ to 
gire due weight to ihe argument. Thcvein of 
quart? in wjiidi it was observed^ is very near 
the lode of ^' little Bounds/^ in a rock of 
kiUas 01% the ^aea-shore: it is 3 or 4 inches 
broad^ has numerous branches^ contsiins verff 
good x^rystals of felspar^ and some coarse 
quartz crystals, with plates of mica; and in 
one place^ by a happy mixture of these different 
substances^ a compound is formed, which has 
very much the appearance of common granite^ 
and seems only to differ from it in containing 
more mica and felspar than usual^ and in being 
softer and less compact 

Such are a few of the arguments that may be 
brought forward on each side of the question : 
none of them are decisive ; and they merely 
tend to shew that further enquiry is necessary 
before the phenomena of granitic veins can 
be satis&ctorily explain^pd^ or reconciled to 
any system. Such an enquiry, it is greatly 
to be hoped^ will be prosecuted in Cornwall, 
where so many circumstances are peculiarly 
fitvourable to the investigation ; where so 
many veins of the kind exists have already 
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attracted the attention of strangers^ and havq 
become the subject of intteresting discussion* 

I cannot conclude this paper without re^ 
questing the attention of the Society to an- 
other spot where granitic vein* o6cur, and 
in a peculiarly interesting form: Pendeen 
Cove is the place alluded to : here the granite 
veins are numerous and large; and^ what is 
particularly worthy of notice, they may here 
be seen emanating from a great mass of gra« 
tiite, and passing into the kiDas by which thQ 
granite is covered^ 



JII. — Notes on the Coast West of Penzance, and 
on the structure of the Scitty Islands. 

By ASHHURST MAJENDIE, Esq. M.G.S.L. 

^ON. VEMBCR OF THE SOCIXTT. 



X HE granitic veins which traverse the Killas 
of Cornwall, have been often noticed as among 
the most interesting geological phenomena of 
this district, I beg to call the attention of the 
Society to one remarkable instance. A little 
south of the pier at the village of Mousehole, 
and about three miles S.W. from Penzance, 
the clay slate ceases and the granite com- 
mences^ forming a promontory which runs out 
in a southern direction from the central ridge. 
The slate is of a grey colour : it is in strata 
nearly horizontal, but having a slight dip to 
the east ; it increases in hardness near the 
junction. The granite, which is generally 
coarse and porphyritic from the large ini bedded 
^crystals of felspar, becomes here of a finer 
grain, with black mica, and light flesh-red 
jS^lspi^r. On the inortl) it laps over the schistus. 
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At this spot numerous granite veins^ varyiitg^iit 
"width from about a foot to less than an inch^ 
pas& through the slate ; the two principal reins 
proceed nearly east from the hill abo?e> for more 
than fifty yards^ until they are lost in the sea. 
One of these^ not far from its first appearance;, is* 
divided and heaved several feet by a cross vein^ 
consisting of quartz intermingled with slate i 
fragments of slate appear also in the granite 
veins. The most remarkable vein^ after pro- 
ceeding vertically for some distanee^ suddenly 
forms an angle^ and continues in a direction 
nearly horizontal^ having slate above and 
below. Now one of the theories advanced on 
this subject^ supposes that ridges of granite 
were left^ and the slate subsequently deposited 
on the sides^ giving the appearance of veins : 
the facts I have stated seem utterly irrecon-* 
citeable with such an idea^ and seem only 
explicable on the notion of a formation of 
granite;^ secondary to> or contemporaneous 
with^ the slate. 

Slate occurs again beyond Lamoma Cove, 
and then granite^ which forms the most western 
promontory at the l^and's End^ and continues 
nearly to Cape Cornwall. By descending to 
the sands on the west side of the Loggan Rock 
at low water^ the porphyritic granite may be 
observed in great perfection ; the surfslce being 
polished by the action of the waves, the form 
of the felspar d;p{)ears distinct; here also are 
numerous granite veins which are probably 
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cotttemporaneotia^ beingtortuous in their course^ 
aometiines hoiuontal^ and the walls indistinct 
lind irregular : there are also many concre- 
tions of finer grained granite and schorl rock. 
These^ \!?hich^ on a slight view, might be taken 
for fragments^ appeUr to be contemporaneom 
also ; being often penetrated by large crystals 
of felspar proceeding from the granite mass. 

Near Forth Just, a vein is. worked for tin ; 
and having been informed by Mr. Chinhalls, 
the agents that there was a continual formation 
of stalactites in that vein^ Dr. Davy and my- 
self descended to a part of the mine under the 
sea^ which h^ been closed for two years^ and 
from which all the stalactites had been re- 
ihoved. We here found numerous staliictites 
af oxide of iron^ some eighteen inches in 
lengthy of the diameter of about half an inch, 
and hollow* The water which percolates is 
salt to the taste. 

The site of th^ ^ Crown' Engine at Botal- 
lack, is a spot of great interest^ as well from 
Hie curious nature of the rocks^ as their sin- 
gulariy wild and picturesque appearance ; the 
steam engine is on A rock at the foot of an im- 
mense precipice, over which the waves break in 
stormy weather, and the ore is partly drawn up 
the foce of the precipice and partly carried by 
mules, by a path worked out oh the brink. 
A vein of Garnet Rock runs in the slate, accom- 
panied by thallite. The lowest rock is a com- 
pound of garnet,, tourmaline, and axinite. 
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The clifF of Trewellard, ftt a short distanc^/ 
contains the latter substance mo^ abundantly, 
both amorphous and crystallized. It may be 
worthy of consideration how far the occurrence 
of garnet and axinite> which are usually found 
in. primitive rocks, bears on the question of the 
antiquity of the killas of Cornwall^ in whicb 
they occur. 

The Scilly Islands consist almost entirely of 
granite, resembling that of the chain which run& 
through Devonshire and Cornw'all, containing 
also veins of red granite. A .beautiful variety 
occurs at the Lizard Point, . Trescow Island, 
in which the felspar is- of a pure white, and 
the mica crystallized in the primitive form. In 
the same island is a remarkable cavern, in the 
center of which is a pool of fresh water : the 
dimensions may be seen in the report of Mr- 
Tucker, proposing the formation of a break- . 
water. 

There is one part of the Island of St. Mary 
which I much wish should be visited by some' 
geologist of eminence, as there appears^ in 
my opinion, an undoubted case of stratified 
granite. It is at the eastern part of St. Mary's, 
near a small brook, where are to be found beds- 
of a porphyry, consisting of a base of felspar, 
with crystals of quartz and felspar. These 
beds are stratified ; they pass by slow grada-^ 
tions into true granite, which also is stratified^ 
dipping north-west at an angle of about 45^*^ 
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A small quantity of tin was raised in St. Mary's 
about 20 years ago, but I saw nothing to render 
it probable that any large workings had taken 
place in more ancient times. The granite of Scil- 
ly is very liable to decomposition ; this seems to 
be the cause which has formed the Druidical 
rock basins of some zealqus antiquaries; if 
there be any doubt on this subject, it may be 
satisfied by obser^^ng, that many of these 
basins are situated vertically, according to 
the direction in which the storm proceeded. 
These islands are now undergoing that di- 
minution which has already reduced them so 
much. At no great length of time, St. Mary's 
will probably be divided by ihe sea; and 
a channel formed through the low land, be- 
tween the New Town and the S. E. side of the 
garrison. This might be prevented by throw- 
ing down masses of granite from a neighbour- 
ing hill to form a barrier against the sea : the 
object may be worthy of attention, as the sea 
in winter, with a high tide, has been known to 
pass over this land, and tjie effect of its forcing 
SL channel there would be to divide the garrison 
from the rest of the island. 
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IV. — A Sketch of tfie Geology of the lAzard 

District 

Sy ASHHURST MAJENDIE, M.G.S.L. 

UOVb Jt^llBBR OF taB BOCIXTt. 



JL BEG to ofier to the Society an account of' 
the boundaries and position of the serpentine 
formation^ occurring in the vicinity of the 
Lizard Proinoutory. - I have followed the 
complete outline of the coast from the Loe 
Pool to the Helford River, and by crossing the 
interior of the country in various directions, 
have, I believe, made out the junctions with 
as much accuracy as the state of enclosure will 
permit There being no map with the ele- 
vations distinguished, -I have been obliged to 
content myself with marking out the boundaries 
on Martyn's Map of Cornwall. The Society 
is indebted to Capt. Halliday for the drawings 
of the cliffs and strata. 

The slate, which is the general boundary of 
the district, rests on the granite ridge beyond 
Uelston on the Norths at Constantine on the 
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eksi, and at Breage on the west : it contains 
beds of greywacke. Fine sections of these 
strata^ singularly contorted^ may be observe4 
near Gutiwalloe cove. Slate prevails as far as 
a smal] cove a little north of Mullyan^ called 
Bollerium, dipping south-east at an angle of 
about 40*, and, judging from its inclination^ 
appears to underlie the greenstone^ which then 
succeeds. The latter rock occasionally crops 
out through the serpentine of Goonhilly downR 
It is sometimes slaty, distinctly stratified, and 
may be seen to lie under the serpentine, on the 
south side of Mullyan cove,- near to which it 
again forms the barrier to the sea ds far as 
.Vellan point: a small quantity of diallagc is 
occasionally intermixed with this greenstone ; 
the predominating ingredient however is com- 
mon hornblende. Steatite has been raised 
lately from a distinctly marked vein near Mul- 
lyan church-town. The mines of copper have 
been discontinued. I was informed that at 
low water, in spring-tides, narrow veins of. 
native cc^er may be observed in the serpen- 
tine where it is covered by the sea. A mass of 
native copper ore was raised from the mines of 
the weight of 104 pounds. 

Among the beautiful group of rocks forming 
Kynan's cove, reddish-brown diallagc occurs, 
and dykes of felspar porphyry. The slate of 
the Lizard promontory commences at Gehilion, 
and dips south at an angle of about 60* : the 
serpentine rests on a bed of reddish talc, which 
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dips north : the niter mediate space i$ fiUed by 
.greenstone. Veins of fibrous carbonate of lime 
and of agate occur in the serpentine. near ttte 
junction. Mica slate then appears^ and con- 
tinues to the west side under the iight-houj^e. 
Under the slate^ at the Old Li;7ard head^ a^*e 
alternating beds of compact felspar and greea 
talc^ of considerable tluckness. Green^oixe 
jcontinues alpng the coast from thence to a mile 
beyond Cadgwith ; the inclinatk>n of the strata 
is northj at an angle of about SO**, Near.the 
last village is an extraordinary natural amphi- 
theatre^ the area of which is nearly two acres> 
and the sides about 200 feet in height : the sea 
^nters through an arch near the bottom, where 
the position of the seipentine on the greenstone 
is very obvious. The most compact serpentine 
of this district is found at the Balk Head in 
Llandewednack ; it is, however, but ill adapted 
for purposes of ornament, taking a bad poiiah^ 
as appears from the slab in the museum of the 
Society, which was cut from a large block 
raised at this place by my directions : the pre- 
vailing colour is green, with red spots near tibe 
surface. Owing probably to the oxydation of 
iron, as the^ do not appear at a greater depth. 

Serpentine, containing small masses of 
emerald-green diallage, or schiller-spar, con- 
stitutes the coa$t from hence round the Bkck 
Head to Coverack Cove; a place highly in- 
teresting to the mineralogist, aa .offering a 
series of rocks intermediate between serpentina 
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and diallage rock : these cotisist of green and 
t^dish*brown serpentine^ with the jade of 
Saussure^ (the feldspath tenace of HaUy) and 
diallage of the green and metalloTde varieties : 
ibe latter substance shews here very distinctly 
lliose charaeters which distinguish it from horn- 
blende, viz. its inferior hardness^ its difficult 
fuabiiity into a green enamel^ and its peculiar 
cleavage, which discovers a considerable lustre 
in one direction that is entirely wanting in the 
other ; whereas hornblende has natural joints of 
the same lustre in two directions. Some of the 
felspar found here is. of a violet colour, and is 
striated like tiiat of Labrador. I broke masses 
of di^Uage metalloide, six inches in lengthy 
from beds lying below high-water mark in 
Coverack Cove. I had an opportunity of shew'*^ 
ing some of these to the Abbe Hatiy at Paris^ 
and of comparing them vrith his specimens 
brought from the hill of Mussinet near Turin. 
M . HaOy observed, that the specimens from 
Coverack do not consist of pure diallage, but 
^at fibres of common hornblende interrupt 
its texture ; that of Mussinet is foliated, and 
has no ^uch intermixture. The composition of 
serpentine may be very well seen at Coverack. 
I conceive that^ besides diallage and compact 
felspar, a portion of talc or steatite i^ essential, 
the intimate mixture of the two former sub- 
stances alone, forming a compound more re- 
sembling greenstone. 

c 2 
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A very beautiful rock cornmeoces ^t Cove- 
rack^ and continues for three milei? along the: 
coast, and in the interior through the gr^iter 
part of tlie parbh of St Keveme. It consists of 
feli^ar and bornblaide^ with an occasional in- 
termixture of diallage^ and contains imbedded 
mas$es and crystals of felspar : from its great 
beauty and hardness^ it seems eminently adapt* 
ed for purposes of architectural ornament: 
columns and blocks of any required size may 
be obtained near the coasts . from whence they 
might be easily shipped. Greenstone^ similar 
p appearance^ and in the direction of the strata^ 
to that of Cadgwith^ occurs at Porthoustock ; 
and serpentine on the south-west side of Port* 
hallo^ resting on reddish talc^ which lies^ as 
before,, on clay date. . No further variety is 
observable from hence to the Helford river, 
except a conglomerate near the Dennis creekj 
in which Capt. Halliday noticed veins of quart:; 
traversing the la4*ge rounded pebbles of which 
the rock consists. In the inteiior of the coun-^ 
try, the surface of Goonhilly downs consists 
principally of serpentine, as may be traced ,by 
.:the growth of the erica vagans, which seems -to 
find something congenial in a magnesian soil. 
In a quarry of limestone on the downs, I no- 
noticed chalcedony^ aad a granitic poiphyry 
near Mawgan, the position of which I could 
not ascertain. 

The result of these observations seems* to 

. . • • • 

be, that if the slate which is deposited on ijie 
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side of the central granite ridge, is to be con- 
sidered BJs primitive slate, of which it bears 
the external characters, the serpentine and 
diallage rock (gabbro) occur here in the same 
geological position which they have been found 
to occupy in the various parts of Europe where 
they have been noticed. 

In the diallage rock, at a small village near 

4he coast, (called Gwendra, and also in the rock 

of St. Keverne, . I observed some small metallic 

epecks, which on chemical examuiation I found 

to consist of iron, with a portion of titanium, as 

was shewn by the precipitate thrown down by 

tincture of galls : it appears most probable that 

these particles, carried down by streams to 

Menaccfaan, ijear to wiiich place the St. Keverne 

•rock has been traced, confi^titute the peculiar 

:saud in which the metal titanium was first dis- 

/eovered by Mr. Gregor. I sent some of this 

. »jbstance immedifitely on having noticed it to 

Mr. Gregor, wbb informed me, by letter, that 

'the result of his experiments proved it to be an 

^^assemblage of several ingredients, viz. silica, 

^alumina, and the oxides of titanium and iron, 

with a little potash : some of these ingredients 

might be derived from the gangue with which 

the metallic substance is intimately mixed. I 

lament, that the subsequent illness of Mr. 

Gregor prevented him from completing the 

experiments he had commenced. 
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(DommunicatpfL u| a Letter to |Iekrt Bpase^ Dtq, Treasurer, 



X SHALL in this letter comply with the re- 
quest that you did me the honour to make^ of 
offering ft few hints reiipecting the geology of 
Cornwallr 1 can hardly venture to hope that 
they will be worth the attention of the Society : 
most of the members have had much better 
opportunities than have occurred to me, of 
examining our interesting county j and I dare 
say that many of the observations whiph I shall 
make, will have b^n anticipated by Qthers : 
at all events, this qprnmunication will shew the 
desire I have to co-operate in promoting the 
useful objects of the Society, and I ^lust they 
will consider it as a proof of my respect. 

Cornwall may t)e regarded MOtiox^ as ths 
^untry of Veins. It is in veins, that thQ 
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most useful as well as tbe most valuable mi- 
nerals generally exist; that the pure specimens 
are found ^hich serve to determine the miner- 
ialogical species^ and that the appearances 
«eem most interesting in their connexion with 
g^eological theory. Thus veins^ which now 
may be considered in the light of the most 
valuable cabinets of natut'e^ were once her most 
active laboratories ; and they are equally im>- 
portant to the practical miner^ and 'to the 
mineralogical philosopher. 

Amongst the veins of Cornwall^ most curious 
in a geological point of view, are those of 
granite. These formations are extremely nu- 
merous. As far as I am acquainted with them, 
they intersect either micaceous schist, or other 
granite rocks. The most remarkable instances 
known to me in Cornwall, are those on the 
south-east extremity of St. Michael's Mount, 
those near Mousehole Cove^ those at Zennor, 
and on the east and west sides of Cape Corn- 
wall.* At St. Michael's Mount the granite 
veins contain fragments of micaceous schist, 
and whoever examines without prejudice the 
diiferent formations, cannot, I think, doubt 
that the vein has been produced in a chasm of 

* I first obserred the granite veins of CornwaU about 
eighteen years ago ; probably before^ and certainly to a great 
extent since, they have occupied the attention of geologists, 
and they are too well known to the Geological Society to 
require any topographical history from nic. 
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the rock in which it occurs, €ind that it is con-^ 
sequently posterior in formation. ■ ,■ 

Similar instances of veins of granite, are 
described by mineralogists ; a very interesting 
one was shewn to me at KilUney near Dublin^ 
i)y Dr. Blake : some in the Isle of Arr?in, and 
in other parts of Scotland, are well kfiown. I 
have seen several cases of granite veins near 
Morlaix in Brittany. I do not know that any 
analogous formations have been observed ia 
the great mountain chains of Europe. 1 have 
looked for them in vain in the points of junc- 
tion of the schist with granite, both in th^ 
Maritime, Savoy, Swbs, and Tyrolese Alps, 
and likewise in the Oriental Pyrenees. My 
researches have not been extensive or minute^ 
but I should be disposed to conclude from 
what I have seen, that granite veins are pecu- 
liar to the low metalliferous granite and mica 
schist formations. 

There are deposited in the museum of the 
Royal Institution, three specimens of fragments 
of micaceous schist included in gmnite, which 
are from Cornwall ; two fronx St. Michael's 
Moujnt, and one from St. Just: At the points 
of junction of micaceous schist with the low 
granite, in various cases which I have seen. 
rocks of granite occur, containing considerate 
portions of the schist ; this is particularly the 
case at Killiney in Ireland, and near Balyhulish 
in Scotland. I have seen similar instances in 
the granite used for building in Mayence, in 
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France*; and m aptUar of granite^ which was 
erected some years a^o to Buonaparte at Mar-* 
seilles^ there is a very large fragment of mica 
sehtst. 

The place where the granite joins the 4schist 
m St. Michad's Mount, is remarkable for the 
number of crystallized substances it contains i 
oxide of tin/ wolfram, phosphate and fiuate of 
liftie, i]uarl!f, mica, felspar, topaz, are all well 
kfiownf to t)ccur in the same veins ; and the 
particular investigation and history of tJm 
nature of the crystallized bodies occurring in 
this , beautiful and remarkable spot, appear^ 
wett worthy of the attention of the Geological 
Society, estabUshdd so immediately in its 
neighbourhoods 

A.n opinion has been expressed by a foreign 
naturalist, who was extensively employed in 
geological researches some time ago by the 
Geological Society of London, that the granite 
veins of Cornwall are mere protuberances of 
primary granite in which mica schist has form- 
ed. This opinion does not merit discussionj^^ 
and could only have been formed in conse- 
quence of very, superficial examination. It 
Inight, with nearly as much reason^ be stated, 
that the veins of copper and tin belong to a 
great interior metallic mass, and that they 
^existed prior to the rocks in which they are 
found. The notion that tiiese veins are con - 
teijnpoianeous with the rock is more plausible, 
and a forced explanation of many of the phc- 



42 ^iR Humphry Davy on 

Bomeha might be given on this vietv ; but it is 
contradicted by the fragments of mica schist 
found in the veins. 

The porphyry of Cornwall in general seems 
to belong to the dyke or vein formation^ and 
its history is an object of considerable geolo- 
gical interest. The northern shores of Mount's 
Bay exhibit great varieties of this substance^ 
and it contains a number of crystallized sub- 
stances which intersect it in veins. A most 
remarkable vein of this kind was worked some 
years ago at the Wherry mine near Penzance ; 
the principal metals were oxide of tin^ and 
sulphuret of copper ; but ores of cobalt and 
lead likewise occurred, and the variety of me- 
tallic substances found with them in minute 
quantities was vwy extraordinary. I have seen 
in the refuse heaps blende, oxide of uraj[iium, 
oxide of titanium and of iron, pechblende, 
nickel, and arsenical pyrites; and in a single 
piece of the vein, of a few inches square, many 
of these substances might be found imbedded 
in quartz or chlorite. 

A very good account of the working of this 
mine has been drawn up by Mr. Hawkins, one 
of the members of our Society, and publi^ed 
in german ; and , I have seen ^ french trans- 
lation of it in the Journal des Mines. This 
paper, in an english dress, ought to be placed 
in the archives of the Geological Society of 
Cornwall, and is worthy of being inserted in 
' their first publication^ as a record of the in* 
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diistry «nd ingenuity with which ^eat natural 
obstacles were o¥erc<HBe. The Wherry mine 
is the only instance^ I believe, that has ever 
occurred of a shaft sunk in the ocean ; and o£ 
H mine worked, the only access to which is 
bdow low water mark. — (See pi. 1). 

The serpentine district of CSornwall has not 
yet met with the attention it deserves. 1 have 
seen no formation in which the nature of ser- 
pentine is so distinctly displayed. The true 
constituent parts of this rock appear to be 
resplendent hornblende and felspar ; it seems 
to differ from sienite only in the nature of the 
hornblende, and in the chemical composition 
of its parts, and in being intersected by nu- 
merous veins of steatite and calcareous spar. 
Near Coverack cove, the felspar and resplendent 
hornblende forming the rock, occur in crystals 
of some inches in size ; and from this size there 
is a gradation to crystals so minute, that the 
rock appears of a simple nature. The green 
or red colour of the hornblende is generally 
the cause of the peculiar tints of the rock ; the 
felspar is generally whitCi but in instances at 
Coverack, some of ihe large crystals of felspar 
^re of a reddish hue. 

The nature and origin of the veins of stea- 
tite in serpentine, are curious subjects of en- 
quiry. Were they originally crystallized and 
the result of chemical deposition ? or have they 
been (as for the most part they are now found), 
mere m^chAnipal deposites? I am inclined to 
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the last opinion. The felspar in serpentine is 
very liable to decompose^ probably from the 
action of carbonic acid and water on its alka- 
line^ cajcareons, and rnag^esian elements; and 
its parts, washed down by water and deposited 
in the chasms of the rock, would necessarily 
gain that kind of loose aggregation belonging 
to steatite, 

I made^ some years ago^ a rude comparative 
analysis of. the felspar in serpentine, and of 
the soap rock. I found the same constituents 
in , both of them, except that there was no 
alkali nor calcareous earth in the steatite, but 
my experiments were not so exact as to deter- 
mine the proportions. It is not easy to con- 
ceive that steatite was originally a crystallized 
istibstance which has be^n since decomposed ; 
for in that case it ought to be found in its 
primitive state in veins excluded from &e 
action of water and air ; and it is not difficult 
to account for the hardness of some species of 
'Steatite on the hypothesis which I have stated. 
Mere mechanical deposites, when veryHiifely 
divided, and very slowly made, adhere' with a 
considerable degree of force. A remarkaBle 
instance of this kind has occurred to me- 
iitn6ngst the chemieai preparations of the late 
-Henry Cavendish, Esq. which were ^yea me 
'by Lord George Cavendirfi, there was a bottle 
>^hich had originally contained a solutioq of 
§ilica[ by pdtassa ; the cork had become de- 
cayed during the lapse of years^ and the carbo- 
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nic acid of the atmosphere had gradually pre** 
eipitated the earthy so that it was found in a 
state of solid cohesion ; the upper part was^as 
soft as the steatite of the soap rock, but the 
lower part was very hard^ was broken with 
some difficulty, and had an appeafimce similar 
to that of chalcedony. 

The felspar of serpentine seems to differ 
firom that of other rocks, in 'Containing a muoh 
larger prq>ortion of magnesianmrth; but many 
varieties of felspar are liable .to deoompcMsition:; 
the porcelain clay of St Stq[diens is well known 
to be the result qf a process of this kiild. ■ .. 

I have seen a specimen of.poreelaia.tClay 
from a mine in the west of St^ Ju^, . ^^rfiich 
contained a quantity of magnesia/ ismd wliii^h 
appeared to be produoed by the dif integrajtioh 
of felspar. It occurred in a quartxose v^in, 
whicjk. afforded oxkle of.tin* Copper, I believe, 
is the only metaUie 3ubs:tance 4%at has been 
foifi^d Jii aqy quantity in the 99jrpeQtine forma* 
tio9 c^ Coniwally and crystiUiis^ substances 
in general are rare in.vtbe Gavilies of this rock. 
Ifk America, c]iromate.of irpn is. found in ser- 
pentine ; and in the serpentina of the coast of 
jlfr^pa, Frofeasoiryiviani.h^ me arra^ 

^^^it^e, and a peculiar cry stalliseed stone a^nalo^' 
gj^us to ^srysoJ^te. . The relation of the Cornish 
i^efpentine. tq the neighboiu-ingrocksis worthy 
of .examinatiQii; towards the north it seems to 
pass into micaceous schist; at the point of Cape 
JUzard it is bounded by stratified .sieniAe^ and 
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white micaceoua schist In Ky:iian's Cove^ so 
remarkable for the beauty of the forms of its 
chthj and for the number of their caverns^ there 
is a protuberance of granite above the white 
sand. I do not believe that the Cornish serpen- 
tine has, as yet^ been applied to any purposes 
of architecture or sculpture, and in general at 
the snrface its parts are too small, and contain 
too many fissures to be worked with advantage ; 
but I am convinced^ that by making proper ex- 
cavations, many parts of the serpentine district 
would afford large and beautiful blocks of great 
fineness and beauty of colour. 

The serpentine of the Appenines is in ge- 
neral very like that of Cornwall. During an 
examination of the coast of Italy, that I made 
between Genoa and Massa, I found, a few miles 
from Sestri di Levanto, an ancient quarry 
bearing marks of having been worked by the 
Romans ; but which, amongst the profusion of 
marble furnished by the neighbourhood of 
Carrara, and amidst the quantities of ancient 
remains of verd antique/ is neglected by the 
modem Italians. 

I hope some members of the Society will 
examine the black marble of the north coast of 
Cornwall. From a superficial examination that 
I made of a part of this district, it appeared to 
me to be of the same formation as the Plymouth 
marble. 

I am ignorant whether any true basalt exists 
in ComwaU* Jf ear Port Isaac I have seen on 
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the road vracke or mandelstein^ but I do not 
know where it was quarried. A sienite, re- 
sembling the Scotch grunstein^ is very common 
on the eastern border of the county : but i am 
inclined to believe that it belongs to the pri- 
mary formation. 

liiough the whole of Cornwall is of a very 
peculiar mineralogical construction compared 
with the rest of Britain, and even of Ireland^ 
yet it bears very a considerable relation to the 
opposite coast of France. The mica and chlo- 
rite schist^ and the granite (the killas and 
growan) in the neighbourhood of Morlaix in 
Brittany^ I find precisely similar to those of 
Mount's Bay, and containing similar kinds of 
actinoly te and thumersteiu ; and 1 saw at Mor- 
laix specimens of serpentine (said to have been 
brought from the neighbourhood of Rosloff) 
similar to those of Capo Lizard. 

Veins of tin have been worked in the low 
French granite formation ; but as yet they have 
not been productive. 

The conformation of Cornwall is in the 
highest degree curious, and the facts it offers 
are illuistrative of many important points of 
geological theory. It exhibits very extraordi- 
nary instances of rocks broken in almost every 
directicHi, but principally from east to west, and 
filled with veins again broken in, divers^ed by 
cross lines, and filled with other veins, and ex- 
hibiting marics of various successive phenomena 
of this kind. 
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Respecting the agents that produced the 
ehasnis in the primary strata^ aoid the power 
by which they were filled with stony ^^nd me^ 
tallic matter^ it would be easy to speculate^ 
but very dUffi^ult to i*easoa by legitimate philo-* 
sophical induction. 

The wiUer-wom pebbles of chjorite schi&t 
found cemented by oxide of tin^ and of which 
an interesting account has been gk^n by a 
member of the Society, render it probable that 
the operation of water,- ettber in the beds of 
rivers, or on the shores of lakes, or the ocean, 
pi*eceded or accompanied the openettions by 
which veins were produced and filled. All 
crystallization must be preceded by chemical 
solution, or by a division of matter tantamount 
to solt^ion : and elevation of temperature offers 
the. most obvious means (^ explaining the pro- 
duction of combinations capable of depositing 
crystals. 

Amongst the ancient lavas of Radko&ni^ I 
have seen crystals having the characters of 
felspar imbedded in a black semi-crystalline 
mass, so as to constitute porphyry; and I am 
in possession of a ^ecimen from Vesuvius 
which I ascertained to belong to a stratum of 
lava containing a cavity, in which felspar and 
mica have crystallized rn their regukir forms^ 
and the separation and geometrical arrange^ 
mant of their elements have evidently been th6 
rcMt of slow cooling. 
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^e lavas of Languedoc, of the Vivarais^ of 
Anderaach^ and of the Siennese^ and Roman 
states^ offer numerous instances of the fofma*- 
tiou of tufas^ which consist o{ separate crystals^ 
&nd which have assumed the columnar arrange* 
ment. Near Aix in Provence, I have feeen a 
dyke between strata of limestone, which, at 
its lower extremity, has the character of 
basalt, and it is arranged like a basaltic dyke 
in regular horizontal prisms; but its upper 
edge has the characters of amorphous lava; 
and where it has been decomposed and worn 
to a great depth by the operation of a torrent, 
it has all the characters of a primitive sienite, 
being composed of large crystals of hornblende 
and felspar. 

It is amongst extinct volcanoes, the sur^ 
faces of which have been removed by the 
action of air and water, and in which the 
interior parts of strata of lavas are exposed^ 
that the most instructive examples of the ope* 
ration of slow cooling upon heated masses are 
to be found. It is difficult to conceive that 
water could have been the solvent of the dif- 
ferent granitic and porphyritic formations ; for 
in this case, some combinations of water with 
the pure earths ought to be found in them. 
Quartz ought to exist in the state of hydrate ; 
and waveilite, not corundum^ ought to be the 
state of alumina in granite. 

To suppose the prin;iary rocks in general to 
have been produced by the slow cooling of a 
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mass formed by the combustion of the metallic 
baiseg of the earths^ appears to me the most rea- 
sonable hypothesis ; yet aqueous fusion must -not 
be entirely excluded from our geological views* 
Iti many cases of crystallization^ even in vol- 
canic countries^ this cause operates. Thus in 
Ischia^ as well as in Iceland^ siliceous tufas are 
formed from hot springs ; and in the Lake Al* 
bula^ or the Lake of Solfaterra, near Tivoli, crys- 
tals of calcareous spar and of sulphur^ separate 
from water impregnated with carbonic acid ai^ 
hepatic gas; and large strata of calcareous 
rocks, formed evidently in late times by water 
impregnated with carbonic acid^ exist in varir 
ous parts of Europe. The Travertine marble^ 
(marmor Tiburtinum) is a production of tins 
kind^ and it is of ^is i^>ecies of stone that th^ 
coliseum at Rome^ and the cathedral ai St. 
Peter^ are built. It is Ukewise employed in 
the ancient temples of Psestum^ and it rivals in 
durability^ if not in beauty^ the primary marble 
of Palis and Carrara. 
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i BECr leiave to submit to the Society sbtnd 
observations on a remarkable change which 
metallic tin undergoes that has long lain under 
the surface of the earthy and on its partial con* 
Version into a muriate^ 

I shall not trespass upoii the time of the 
Society by entering into the minutise of chemi- 
cal analysis^ much less shall I indulge myself 
in the reveries of speiculation and conjecture^ 
I shall merely state some facts which may 
excite their attention^ and direct their enqui- 
ries to this particular subject ; so that when the 
|>eculiar circumstances under which the pheno-* 
tnena in question take place^ are clearly ascef- 
tained^ we may be furnished with data on which 
we may found our reasonings, and approxi- 

D 3 
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mate ihore nearly to probability when we 
attempt to connect effects with llieir corres- 
ponding causes. 

The first instance in which I saw muriate of 
tin, occurred in' a specimen of what is usually 
called ''Jew's House Tin;"* it was kindly 
presented to me many years ago, by Mr. John 
Michell, of St. Austle. It was amongst other 
lumps discovered under the surface of a low 
and boggy ground in the parish of Kea ; the 
tin was accompanied with a stratum of charred 
wood or charcoal. The first thing that struck 
me in this mass of tin^ was a vein of saline mat- 
ter that ran through it; this saline matter I 
found to my astonishment to be muriate of tin* 
The whole mass evidently appeared to be in a 
state of decomposition. There was also a 
marked gradation in the several changes which 
the metal had undergone ; one part of the mass 
had the appearance of metal, which, although 
some change had taken place in it, could, to a 
certain degree, be extended under the hammer. 
This metal in the next layer, began to be split 
into fragments, which still adhered togethef ; 

* It may be- necessary to state the meaning of the term 
** Jew^s House,^^ It is . a plot of ground that has been 
hollowed out, and is found to contain ashes and often frag- 
ments of metallic tin, which has given rise to the fallacy re-< 
specting the discovery of that metal in a native state ; these 
ancient remains of the places where tin was formerly smelted 
by the Jews, ars frequently found in different partf of the 
county. 
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they occasionally exhibited spots of the colours 
blue and yellow. The next layer was still 
further changed, as it had assumed the appear- 
ance of a brown earth or oxide, through which 
a white brilliant salt shot, here and there, in 
mammillary protuberances. Next to this 
brown oxide a regular vein of crystallized salt 
occurred ; it was of a yellowish hue, and was 
compact and hard ; the vein was nearly one 
fourth of an inch in thickness. The outer 
surface, to which it was strongly attached, was 
also about one-fourth of an inch in thickness; 
was black, and so hard that angular fragments 
of it were capable of scratching glass. I do not 
mean to affirm that these several states or stages 
of progressive decomposition or change in this 
mineral substance, were so distinctlt/ di^crimi-' 
naied as not here and there to run into each 
other, for this indeed was true with respect to all^ 
except the hard black matter, which lay next 
to the vein of muriate of tin ; the line of separa^ 
tion was here distinctly marked. 

The metallic tin has, evidently, undergone 
some change since the mass has been in my 
possession, and some saline matter has shot 
forth from the brown oxide, and still continues 
to shoot. 

The form of the crystals of this muriate of 
tin appears to be that of square laminae, the op- 
posite angles of which are frequently truncated. 
These laminse are closely packed together in 
a mass in the vein of the salt before mentioned. 
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In; some pieces, where there has been a fissure 
in the mass, these laminse are distinct, and the 
salt is very beautiful as it assumes a silvery 
brilliancy. These crystals, and the black hard 
substance to which they adhere, might be 
easily mistaken, even by an experienced mi- 
neralogist, for a natural production, in the 
strict and usual sense in which the word 
^^ natural" is employed in such cases ; nor is 
it probable that he would be competent to 
decide upon Jhe nature of the fossil, much less 
upon the origin from which it had been de- 
lived. This muriate of tin is almost totally 
soluble in distilled water ; a small portion of 
oxide remains undissolved ; whether this resi^ 
duum arise from the salt being not quite pure, 
or from a change in the oxidation of the tin, 
produced by the p!X>cess of solution, I do not 
know ; liquid nitrate of silver, dropped into a 
solution, recently made, produces a copious 
precipitate of a chesnut colour. After some 
time a portion of the oxide of tin is separated, 
Imd then the precipitate effected by the nitrate 
of silver, is not tinged brown, but is wtiite. 
I H!K)uld by no means satisfy myself with respect 
to the chemical analysis of this muriate of tin. 
In addition to the difficulty (I may say im- 
possibility) of accurately ascertaining the 
amount of the muriate acid by means of the 
nitrate of silver, for the reasons given by one of 
our members. Dr. John Davy, in his masterly 
observations on the combinations of different 
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metals with chlorine ; another source of enrov 
arose from the intrusion of small particles of 
tin^ and of the brown oxides^ a circumstance 
-which would preclude accuracy, in any estimate 
formed by means of inference €tnd calculation^ 
from the quantity of tin found in the salt. 
I melted twenty-five grains of this salt, freed as 
far as it was possible from extraneous matter^ 
with double its weight of the purest carbonate 
of potash that had been dried in a red heat, 
in a platinum crucible ; extracted the soluble 
part by means of distilled water^ and rendered 
the solution slightly acid by dropping into it 
pure nitric acid. Liquid nitrate of silver drop- 
ped into it separated muriate of silver, which, 
after having been perfectly dried, weighed 
12.6 grauis ; but I have reason to think that 
all the muriatic acid was not separated by the 
alkali, and therefore that the relative amount 
of muriatic acid in this salt is not duly repre- 
sented by the muriate of silvw. The oxide ^f 
tin which remained after all the soluble part 
had been washed out, resisted the action of 
muriatic acid with singular obstinacy. The 
brown oxide before mentioned, contains mu- 
riatic acid, as we might suppose from the 
circumstance of crystals of muriate of tin 
shooting out from it. Some nitric acid of 
moderate strength was poured on some of it 
reduced to powder ; I was surprised to see that 
the acid dissolved the greater portion of il, 
and retained it in solution also, even after it 
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had been considerably diluted with water. A 
drop of liquid nitrate of silver threw down a 
precipitate of a deep chocolate brown colour. 
J separated an abundant quantity of oxide of 
tin from another portion of this solution by 
means of ammonia; the residuary fluids after 
being neutralized by nitric acid^ was assayed 
with liquid nitrate of silver, which separated 
mufia'te of silver, n'o longer tinged brown, but 
which was white, 

I have seen some other masses of ^^ Jew's 
House Tin*' in an early stage of decay, wherein 
the metallic tin was breaking into fragments, 
and gradually passing into an oxide ; but I 
doubt not, but that under favourable circum^ 
stances of time, &c. they would have advanced 
through all the stages of change before specie 
fied. Nitric acid poured upon some of this 
partially decayed metal, converted it into a 
white oxide ; the soluble part was then extract-^ 
ed by distilled water ; liquid nitrate of silver 
dropped into it separated a precipitate of a 
phesnut colour ; it consisted of oxides of silver 
and tin, a trace also of the presence of muriatic 
acid was discovered, which was still more evi-. 
dent \v^hen some of the same substance was 
fused with pure potash, &c, &c. This agrees 
with the result of trials made upon portions 
of the mass first mentioned, which was in the 
first stag^ of decay. I have seen other lumps 
jstiU farther decayed, in which 1 could here and 
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there detect a few crystalline laminae. I was 
much struck by a passage which I . met with 
in Mr. Phillips's ingenious and scientific me- 
moir on the oxyd of tin in the second volume 
of the Transactions of the Geological Society 
of liondon — '' This specimen (of supposed na- 
tive tin) seems very much to agree with some 
found in France by Schreiber, an account of 
which he has given in the Journal des Mines, 
except that those were accompanied by a white 
substance^ which proved to be white muriate 
oftin." 

It appears then from what I have had the 
honour of submitting to the Society, that the 
gradual conversion of tin into a muriate, is not 
an isolated fact : but there seems to be in this 
metal a tendency lo change^ a liability to 
very gradual and progressive alteration, under 
peculiar circumstances. What all these cir- 
cumstances are we are not warranted by ade- 
equate data to affirm. I will, however, hazard 
one observation ; it is this, that the pieces of 
tin which I have seen undergoing the change, 
have all agreed in this one particular, that they 
were found under the surface of boggy ground, 
where we may suppose that sulphuretted hy- 
drogen gas is generated. It has indeed been 
suggested to me that the muriatic acid may 
o>Ye its origin to muriate of soda, which might 
have been used as a flux for fusing the metal. 
The probability of this supposition seems to be 
pegativcd a priori >vhw we consider how.rude 
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and summary the process of fusion was in 
ancient times ; the stratum of charred wood 
which generally accompanies these lumps of 
tin, proves that the ore was not confined within 
the limits of a furnace, but exposed to aii open 
fire. If , muriate of soda had been employed 
and decomposed, some traces of the presence 
of soda would be discoverable. On my em- 
ploying the usual modes, I could detect no 
trace of it, or of potash. 

I flatter myself that the Geological Society of 
Cornwall will consider the facts which 1 have 
submitted to them, not altogether uninterest- 
ing, and that they will deem them worthy of 
being followed up by further and more scru- 
pulous investigation. An accurate examination 
of the spots where such lumps of tin have been 
found, and a more minute and rigid analysis of 
them in the several stages of .change, both 
by the ordinary methods as well as by the 
means of pneumatic chemistry, might afford 
«ome interesting results, and possibly lead to 
some curious conclusions, which might tend to 
establish truths of general application. 

It cannot be expected that we can produce 
in our laboratories any change in tin similar 
to those changes which I have described ; for 
chemists cannot call to their aid an auxiliary 
essential to such a process ; I mean that silentj^ 
secret, yet powerful agent. Time. 

I ought to apologize for using some anti- 
quated terms in this paper, such as muriatic 
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acid, &c. which are now superseded by terms 
more appropriate, chloi ine^ stannane^ 8f c. ; and 
above all I feel that an apology is due for the 
jejuueness of this paper; the fact is, that the 
few experiments which I made on the tin were * 
made some time ago, and for a long season I 
have been prevented from extending and mul- 
tiplying them ; but 1 choose to send this 
memoir with all its imperfections on its heady 
rather than to omit an opportunity of shewing 
my respect for a Society so eminently calculated 
to promote the interests of the county, and of 
which I have the honour of. being a member, 

Crtsedj September 7, 1816. 



* Since writing the above, I have visited 
Menabilly, where 1 saw two specimens of 
'^ Jew's House Tin." Both were in a state of 
gradual and apparently increasing decay, and 
both contained crystals of muriate of tiE ; one 
of the specimens had a vein of this salt run- 
ning through it, beautifully crystallized. I 
could not learn whence these specimens came ; 
they were, however, supposed to have been 
found in a low swampy ground. 

February 12, 1817. 
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\Il .-^Observations on the processes for making 
the different Preparations of Arsenic, which 
are practised in Saxony, and on those for 
preparing Smalt or Cobalt, as pursued in 
Bohemia. 

Communicated in a letter to John Ayrton Paris, M. D» 
By JOHN HENRY VIVIAN, Esq- 



JL OU have frequently done me the favour to 
ask me for some infonnation on the subject of 
the mfties and smelting works which I had an 
opportunity of examining during my travels 
on the continent. It was fully my intention to 
have furnished you^ before this, with a memoir 
on the Saxon and Hungarian mines, and I 
regret that other business has hitherto pre- 
vented me; anxious, however, to shew the in- 
terest I take in the success of the Society of 
which you have shone so conspicuously as the 
founder, I am unwilling to leave the county 
without complying with your request, although 
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I fear the communication is little worthy of 
your consideration. 

Having heard, a few days since, that an 
establishment in Cornwall had to contend 
with considerable difficulties in making the 
different preparations of arsenic, it occurred to 
me that it might be advantageous to give pub^ 
licity to some remarks I had an opportunity of 
making during my last visit to Saxony, on the 
methods practised in that country ; having had 
the good fortune to be admitted to examine in 
detail, all the works carried on for that pur- 
pose. To these I shall add some remarks on 
the method of preparing smalt or cobalt, which 
it is well known is imported into England from 
Saxony, at the very time that cobalt ores have 
cf late been found in considerable quantities in 
this county, 

I should state that, in Saxony, the cobalt 
works belong to the sovereign, and that 
strangers are not admitted to see them ; having 
received great civilities from the managers of 
all the other establishments, I did not attempt 
it; it is from those of Bohemia that the infor- 
mation is derived which I shall communicate, 
and the processes, I understood, were the same 
as those of Saxony. 

The preparations of arsenic are of four 
sorts, distinguished in commerce by their 
colours ; viz. 

1. The Grey or Black, which is arsenic in 
the metallic state. 
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2. The Red, a compound of the metal atid 
sulphur. 

3. The White, an oxyd of arsenic* 

4. The Yellow, a compound of the oxyd 
with sulphur. 

The two first are made entirely from the 
arsenical pyrites, or iohite mundic of the 
Cornish miner* The oxyd and its compound 
may be prepared from the sublimated arsenic 
from the tin burning-houses ; indeed I doubt 
not but the metal itself might be obtained from 
the burning-house sublimate, which is chiefly 
an impure oxyd, by reducing it with charcoal 
pow'der or iron ; and in case of its containing 
much sulphur, a little potash might possibly 
be added with effect, or it might be subjected 
to a second roasting, during which a great part 
of the sulphur would burn off. The method 
by which in Saxony they prepare the red, or 
sulphuret of arsenic, is by mixing equal quan- 
tities of the common pyrites, or mundic, and 
of the arsenical^ or white mundic, in a cylin- 
drical earthen retort about two feet in length, 
and six inches in diameter at the mouth, taper- 
ing a little towards the end. Twenty-two of 
these rietoils, containing about four cwt. of 
pyrites, are placed in a reverboratory furnace/ 
eleven on each side, in two tiers, thug. 
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the lower tier of six resting on the sides of the 
fiimace or 6re place^ and the upper tier of five 
lying OH them. 

The retorts are so placed that the closed 
ends do not project into the fire beyond the 
sides of the furnace ; the whole are under an , 
arch. The following sketch will represent a 
section of the furnace and retorts : 




To the mouths of these retorts, which lie 
horizontally (a), and project through holes in 
thfe sides of the upper part of the furnace (c), 
below which is the fire place (rf), others pre- 
cisely similar are luted with clay (66); and as 
they form an angle with those in the furnace, 
a small ring of baked clay is placed on the in- 
side of each at the point of junction to assist the 
luting (ce). It may be observed that the 
pyrites in the retort should not be too fine, or 
it will be liable to bake together. The furnace 
being thus prepared, a tolerably strong fire is 
given for eight or ten hours, and -a sublimate 
comes over and forms a glass in the receiver, 
which is takea out, when sufficiently cooI,And 
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afterwards purified^ This is done by meltings 
it in a cylinder formed of sheet iron six or eight 
inches in diameter^ burning wood being kept 
around it. The slags which collect, on the 
surface are skimmed off^ and when the mass is 
sufficiently cleansed, which is ascertained by 
takiug occasionally an assay with an iron rody 
it is cast into a semicircular iron pan ; it is then 
of a fine red colour, has a glassy fracture^ and a 
smooth shining surface^ 

The grey, or metal of arsenic,, is prepared iti 
a similar manner, except that arsenical pyrUeff 
alone are employed, and instead of a ring of 
baked clay, a piece of sheet iron is placed round 
the inside of the receiver, where it is connected 
with the retort to which the sublimated metal 
attaches itself. When thus prepared, it has a 
dark grey sparkling appearance. Some impure 
metal of a dead earthy aspect is likewise ob- 
tained in the burning-houses over the mouth of 
the fuiliace, being a portion of the sublimated 
oxide reduced. 

The yellow arsenic is a compound of the 
oxide of arsenic, with a small quantity of 
sulphur. It is prepared by mixing in a shal- 
low circular cast-iron pan, two cwt. of the 
impure oxide of arsenic from the burnhig-' 
housCj and a quarter of cwt. of sulphur^ 
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Th^ pans (a) used for this pui^ose are shal* 
low^ about two feet in diameter, and are laid in 
masonry over the fire place (b) ; when the 
mixture is formed, it is covered with ^ cap (c) 
pf sheet iron, of a pyramidal form^ and about 
four feet in height, and carefully luted at th^ 
point of connection. The fire is then kept up 
for twelve or sixteen hours, and the sublimate^ 
of a fine yellow colour, is found adhering to th^ 
(dd^s of the iron cap, from which, when cool, it 
is easily separated. 

The White, or oxide of arsenic, is prepared 
(>recisely in the same manner, but without the 
addition of the sulphur. The sublimate ob**- 
tained, not being quite pure, undergoes a 
second and similar operation ; it is then quit^ 
clear and transparent. 

These products are pounded, sifted, and 
packed in cases for exportation ; I was informed 
iJiat considerable quantities were 9ent to Bng* 
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land. The red and the grey bear the highest 
price. 

The while is particularly dangerous to handle^ 
being of the most poisonous nature. I ob- 
served running water throughout the works, 
and the frequent use made of it by the workmen 
was evident from the lady-like whiteness of 
their hands. 

Having thus endeavoured shortly to explain 
the method of preparing the different kinds 
of arsenic, I shall proceed to give such observa- 
tions as I had the means of making on 

The Preparation of S^xvr, or Cobalt. 

The ores used in the cobalt works of Bo- 
hemia, on the frontiers of Saxony, near Johann- 
Georgenstfidt, to which I gained admittance, 
are chiefly from the mines at Joachimsthal, 
and are inferior in quality to thoise used in the 
Saxon works from the Schneeberg mines. 

The cobalt ores at Schneeberg occur fre- 
quently so blended witli ores of silver^ that as 
one or the other metal must be sacrificed, it is 
often a matter of calculation to which Works 
it will be most advantageous to deliver them. 
The first point to be ascertained is, the precise 
quality of the ore to be acted on ; this may be 
done by roasting, or calcining a syiall quantity, 
and tiien melting it with sand or potash, so as 
to form a glass: it should be observed, that 
for trials in the crucible, a larger proportion of 
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potaish is required than is used in the mixture 
for the pots. 

Much depiDhds on giving the ore- a propei* 
degree of calcination. If it be overcalcined, 
the glass from it has a red appearance^ and on 
the other hand^ if it be not sufficiently calcined, 
tl^e glass has a: gi^eenish or blackish cast. Cal- 
cining too high is to be particularly avoided. 
Some ores* require only one hour's calcination^ 
others two, and some even eight or nine hours ; 
this operation is performed in a dommon re- 
verberatory furnace, in quantities of Ihree or 
four cwl. As all cobalt ores contain arsenic, 
some sublimd,te is obtained from the flues of 
the calciner, which is occasionally used in 
small portions as a flux in prepslring the glass 
when the potash is n6t good. 

The ore when rdasted is dry-stamped, and 
isifted; it is then thi^ed, iti the proportion of 
one to three, with a fine white sand prepared 
from stamped quarts, and to this mixture 
about one-third of potash is £ldded ; the quati- 
tity of potash employed must depend, how- 
ever, in a great measure, on the purity of the 
article and on the fusibility of the ores. These 
ingredients^ well mixed, are then put into a 
circular pot> made of fine day, about eighteen 
inches in diameter, and somewhat less in 
depth. The furniicies iri which the fusion i^ 
performed, vary in their construction ; in one 
%i'ork I dbserved the furnace was circular, and 
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contained six pots^ in the midst of whidi is a 
circular aperture to admit the flame. 




In another it was square^ and contained only 
four pots^ but the circular furnace appeared to 
me most advantageous ; the fire in each case 
\ras below the bottom of the furnace in which 
the pots stood^ and had a circular hole in the 
centre through which the flame ascended^ a. 
strong arch covering the whole. Each pot 
contains about half a hundred weight of this 
mixture; when it has been properly fused^ 
which may be after eight or nine hours strong 
firings the vitrified mass is laded out through 
a door in the side of the furnace (aa) just above 
the mouth of each rpot (66)^ and cast into a. 
pistem of water. 




Althougii the usual proportion of sand to the 
roasted cobalt ore is a^ three to one^ this must 
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depend materially on the quality of the ore> 
and on the density of colour required for thti 
glass. For the light coloured glasses^ the in^* 
ferior ores, however, are generally employed, 

I should observe, that in the bottom of each 
pot is a small hole, for letting off the metals 
which occasionally collect there, and which 
were contained in the cobalt ore. When not 
in use, this tap-hole is stopped with clay. 

The glass thus obtained is dry-stamped to 
about the size of common sand, and sifted. 
It is then ground with water in a stone mill. 
Two long square stones of a fine grained 
granite, with grooves in the lower side. 




and fastened together by iron bars, are moved 
xound in a large fixed circular troi\gh» 




After the mass is well worked about for 
six hours, it is let off' and diluted with water 
in a tub, where it is allowed to stand for five 
or six hours more, until the coarser part is 
deposited; the liquid containing the fine 
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is then taken out in buckets, put into another 
and a larger tub, further diluted, and allowed to 
remain for twenty-four hours. As the fine be- 
comes deposited, the water above is let off by 
degrees, by means of plugs in the side of the 
tub, and is passed through a range of pits; 
in which it deposits any it may still contain* 
The tine deposit obtained in the tubs is again 
stamped and washed in the same manneV ; it 
is then dried on a hearth, sifted, and prepare^ 
for sale. 

The assortments of smalt or cobalt are 
distinguished in Saxony by letters^; thus of 
the/we, there are the FFFE, FFE, FE, ME^ 
MES, and OES. 

Of the coarse, FFFC, FFC, FC. 

The coi^rse sorts feel a little rough between 
the fingers; the fine are quite a powder. 
The three l^'s are the deepest, and finest co- 
loured. The sorts MES ^nd OES are quite 
pale, scarcely tinged ; they are obtained fron^ 
the pits through which the waste water passes. 
The coarsq sorts appear of ^ deeper colour 
than the fine, although obtained from the same 
glass. 

I shall be most happy if the information 
I have thu^ attempted to give should prove of 
any advantage to the manufacturers of our 
county, and I hope I shall shortly be enablcc^ 
t-o send you a memoir on some other subjegt, 



YIII. — A sketch of the plan of the Mining 
Academies of Prober g and Schemnitz. 

Br JOHN HENRY VIVIAN, E»q. 

MEMBEA OF THE SOCIETr. 



X HE estabiishment cf a mining academy in 
the county of Cornwall has ever been a fa^ 
vourite scheme of mine. I need not therefore 
dwell upon the satisfaction that I feel at the 
exertions which the Society is making to esta-' 
blish a chair for a Professor of Minemlogy and 
Geology; and I beg to communicate that^ 
should the resolutions upon this subject be 
carried into effect^ it is my intention to present 
to the museum the mineralogical collection 
which I formed at Freyberg, immediately under 
the eye of W^erner. The following sketch of 
the plan of the academies on the continent^ 
which I have had an opportunity of visiting, 
will probably, upon this occasion, be received 
by the Society with some degree of interest. 
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The academy at Freyberg, in the Ertzge** 
birge (metalliferous mountains) of Saxony, 
has been established about half a century. It 
is supported by the government of the coun- 
try ; the sovereign, as in the other continental 
states, deriving a considerable revenue in dues^ 
&c. from the mines. Of the three professors 
belonging to it, two are well known in the 
scientific world ;i Mr. Werner, who lectures on 
miner q,logj/ , geologt/, and the art of mining. 
Lampadius, professor of chemistry, metallurgy,, 
assaying, and dnalytical chemistry. Mr. RussB 
lectures on mathematics, physics, diallings S^c. 

There are likewise several drawing and 
writing masters. The students are recom- 
mended by the sovereign, and have free ad- 
mission' to the lectures : during the latter part 
of their residence at the academy, they receive 
a small stipend. The time allowed tor their 
Vacation is three years. The Board of Di* 
rectors of the Mines, before whom there is a 
public examination at the end of every course> 
vvhich lasts from the summer of each year to 
the Easter following, regulates the studies of 
the collegers according to the situations for 
yrhich they are destined ; those intended for 
the ''mining department ^re to attend the lec- 
tures on mineralogy> geology^ the art of 
mining, dialling, mechanics, &c. ; whilst those 
f^or the smelting department, apply themselves 
particularly to cheniistry and metallurgy. 

The mines being in the immediate vicinity 
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of the town of Freyberg, tlie students are 
expected to make frequent excursions under* 
ground^ and to draw up a report of their ob^ 
sprvations. That they may become thoroughly 
acquainted with the practical part of mining, 
SL pitch is usually allotted to each in a mine 
near the town^ and the student is paid a some- 
what higher price than is commonly given, 
for the work done. At the expiration of the 
three years, the student is recommended to Hr 
situation, if he has regularly passed his exa- 
minations, and conducted himself with pro-* 
.pt'iety. 

The lectures for the collegers j^re likewise 
open to strangers, on their making a moderate 
compensation for each course to the professor. 
Mr. Werner in particular had pupils from all 
the nations in Europe, At the time I studied 
there in 1804, there were Frenchmen, Spa- 
niards, Poles, Prussians, Bavarians, and one 
Englishman, Mr. Chenevix. In addition to 
the public lectures, I had a private course witK 
Mr. Werner, and shall ever feel gratified for 
the great attentions I received from him as well 
during my former residence at the academy, ag 
fit my late visit in 1815. In faqt every one at 
Freyberg is anxious to forward the pursuits of 
irtrangers, and to give them all the information 
they may wish ; the mines and works are al- 
ways open to inspection, and every thing re- 
lating to them is admirably conducted ; per- 
jnission from Dresden is required to- study at 
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the Academy, but it is readily obtained. 
There is a collection of models^ and likewise 
one of minerals^ belonging to the Academy ; 
the latter of which will now be completed by 
the addition of Mr. Werner's private collec- 
tion, for the purchase of which the government 
has lately made an arrangement. 

The Mining Academy at Schemnitz^ in 
Lower Hungary, was founded in the year 1760, 
under the auspices of Maria Theresa; it is 
supported by the Austrian government, being 
for the education of young men destined for 
the direction of mines and smelting works in 
any part of the Emperor's dominions. As. 
these are very extensive, and as each board of 
direction of mining districts has the right of 
recommending several students, their number 
is much more considerable thaa at Freyberg. 
At the time I visited Schemnitz in May, I815> 
they wei'e said to amount to nearly two hun- 
dred ; the period of their studies is likewise 
three years ; but with this difference, that in- 
stead of confining themselves, as at Freyberg;^ 
to the sciences immediately connected with 
their future destination, they attend a course 
of lectures on each, and at the expiration of the 
three years, if they have passed their examina=- 
tions, they declare for which line they intend 
to qualify themselves; if for the mining de- 
partment, they are expected to reside, six 
months on the mines in the neighbourhpod of 
thq towRj to learn the practical part of mining 
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dressing the ores, dialling, &c. ; or if for th^ 
smelting department, a residence at one of the 
smelting works is necessary; they are expected 
also to go under-ground, at least once a week, 
during their residence at Schemnitz^ in parties 
of five or six, to assist each other by their 
remarks. 

The student, before he enters the Academy, 
is supposed to have some general knowledge of 
mining. The first year he attends the lectures 
of the professor of physics and mathematics, in 
which those parts which relate particularly to 
raining are detailed, as hydraulics, hydrostatics, 
mechanics, geometry, trigonometry, &c. ; this 
year may be dispensed with if the student from 
previous application can pass the examination. 
The second year is devoted to chemistry and 
metallurgy ; the third to geology and mining. 
Each course lasts five months, .with one month 
vacation. ^ In the lectures on geology, Werner's 
system is followed, as published by Reichehedz, 
Mr/ Plofing, the professor of chemistry, who 
has studied at Freyberg, has adopted the Eng- 
lish system of Dr. Thomson. Mineralogy is 
treated of in the course on chemistry. I con^ 
fess it appears to me too important a part in 
the education of a miner, to be passed over 
thus slightly. 

The mineralogical collection, I must also 
observe, was very incomplete and carelessly 
Arranged . In justice, however, to the professors, 
I must add that thoy had not been long at tiia 
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Academy, and that they observed that (hts 
collection had, from time to time, been stripped 
of its finest specimens for the embellisbmeivt 
of the cabinet at Vienna. Mr, Handstedn, the 
professor of geology and mining, who lately 
returned from a ^our through Transylvania, 
shewed me some very fine specimens of native 
gold and of the ores of tellurium. 

Amongst those who have been professors st 
the Schemnitz Academy since its establish^ 
ment, the following have distinguished them- 
selves by their writings : — Mr. Delius on min^ 
ing ; Scopoli on smelling ; and Potzier on 
chemistry. The present professor Wilkins is 
said to be an excellent mathematician. 

On my passing through the Hartz mountains 
in the autumn of the year 1815, I found thaft 
since I was there in 1804, a person had beea 
appointed to lecture on mineralogy at Claiis- 
thel, which it Was hoped would lead to aiPi 
establishment of a mining academy. 

In England, until the resolutions of the 
Royal Geological Society of Cornwall, no 
Attempt has been made to establish a mining 
academy. It maybe said that our govenunent 
is not so materially interested in the mineral 
productions of the country as those of the 
continent, where all metals belong to the state ; 
Hnd the sovereign, in granting permissicm to 
search for them, reserves to himself the a^p- 
pointment of the priricipal officers who have 
the direction of the roin^s and works^ as like* 
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^ise the purchase of all the ores obtained ; but 
it is not to be denied that the metals contribute 
largely to the prosperity and welfare of a state, 
and it may be asserted with equal truths that 
in this respect the kingdom of Great Britain in 
general, and the county of Cornwall in par- 
ticular, are, by the bounty of nature, singularly 
fevoured. 



/ 






IX. — On^he Accidents iohiclp occur in the Mines 
of Cornwall^ in consequence of the prema- 
ture explosion of Gunpowder in blasting 
Rochs^ and on the methods to be adopted for 
preventing it, by the introduction of a Safety 
Bar^ aiid an instrument termed the Shifting 
Cartridge, 

Br JOHN AYRTON PARIS, M.D. F.L.Si 

MEMBER OF THE SOCIETV^ 



!■ HERE is rio iinlaxim more erroneous (liari 
that which ascribes to mankind an innate love* 
of novelty ; the history of almost eVdry art and 
invention affords a proof that the very contrary 
obtains^ whilst at the same time it furnishes the' 
no less important fact, that in overcoming the 
powerful prepossessions of habit, and the ob- 
stinacy inseparable from routine^ the influence 
of ran.k has not unfrequently proved moref 
successful than the force of argument, and that 
the human mindj thus warped^ has yielded tor 
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liie impulse of fisishion that compliance which 
it had denied to the claims of truth, and the 
solicitations of reason. Thus it was that Louis 
XV, by wearing a bunch of the flowers of the 
potatoe, in the midst of his court, on a day of 
festivity, did more towards the eradication of 
the vulgar prejudices which then existed against 
the introduction of that valuable root, than all 
the philosophers of Europe for more than two 
centuries. I relate this anecdote with a view 
to vindicate the propriety of an appeal to the 
nobility, and gentlemen of personal influence 
in the county, for their countenance and sup- 
port, or even of an application to his Royal 
Highness the Prince Regent, who has gracious- 
ly condescended to become the patron of our 
Geological Society, for his recommendation 
of apian which has no less an object than that 

of the PRESERVATION OF A LARGE AND VALUABLE 

Portion of the community from severe bodily 

INJURIES, AND UNTIMELY DEATH, but which liaS 

to contend with all the inveterate prejudices 
which exist against every innovation upon an 
established system, however erroneous it may 
be in principle, or dangerous in applica- 
tion. Prom what I have thus stated, the duty 
of the Royal Geological Society of Cornwall 
becomes apparent; and the efforts whicli it has 
made, and still continues to make, in order to 
facilitate the introduction of the safety ik- 
STRUMENTs, wliich form the subject of this 
paper^ must be regarded as no less appropriate 
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than laudable: for it may be truly saicl id 
have concentrated within itself all the rank^ 
talent^ and science of the county. It is by the 
desire of the Council that this essay is print-* 
cd ; and in stating to the public the grounds 
upon which such a resolution became ex- 
pedient^ I cannot conceal the fact^ that the 
efforts of the Society have been treated by 
many Mine Agents with coolness, and by some 
even with hostility ; that the extent and fre- 
quency of. the calamity, arising from the acci- 
dental explosion of gunpowder have beew 
denied ; and that letters addressed to met 
through the medium of one of the provincial 
newspapers, have called upon me to produce 
evidence in support of the truth of such an 
assertion. 1 have accepted the challenge, and 
I now produce such a catalogue of human woe 
as has been but rarely witnessed ; and which^ 
whilst it must diill with horror the blood of 
every person who> peruses it, will, I trust, iot 
ever set at rest the question, and silence 
the voice which would contend against the 
necessity of some immediate and effectual 
remedy. In alluding to the angry letters ad- 
dressed to me upon the subject, I am sure 
that I entertain no feeling of personal acrimony 
towards their authors, nor indeed can I see 
why the subject should awaken ill humour^ 
and much less excite invective, for it alone re-* 
spects the public good, and the interests of 
humanity; but since necessity obliges me to 
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oeclare the oppt>sition experienced froih somd 
6f the mine sigeilts^ so candour^ on the other' 
hand^ demands that I should acktiowledge with 
gratitude the* liberal assistance and co-opera*^ 
tion which has been feceited from Othefs; 
whilst by ALL, a scflise of the utility of thef 
SAF£iT BAR has been fratikly acknowledged^ oi' 
unintentionally betrayed. 

The limits of this paper will ndt adniit of A 
diflfuse disquisition upoii the nature and theory 
of the different processes employed for blasting 
tocks with giinpbwdei*; the injuries however* 
Ivhich arise from thetn^ arid the methods by 
which the operation may be disarmed of itst 
dangers^ milst foriti a subject of geileiBl as 
well as local interest^ since rck;ks are rent ill 
every part of the globe, either for the purpose 
of preparing the surface df the earth fbr the 
eultivatioti of its fruits, or foi* that of peii€^ 
trating its interior for the diseotery of it^ 
treasurer. I have therefore thought it expedient 
to ofTei" a popular account of the Operation of 
blastingi as' it is performed in the Coutityof^ 
Cornwall, in order thiit the meCbsures of safety^ 
which we are so anxious to ititrbduce, may be 
generally uiiderstdod, and their value ittore 
fairly appreciated; 

The first part of the 6pfeYation fcdttsists ifl 
boring a cylindrical hble, about aii inch hi 
diametef, and two of more feet itf depth; bk 
circumstances may require; thii3f is eflFecled bjr 
tneans of an iron instrumeiit, resembling it 
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blunt ^' cold chisel' which is held by one 
rainer, who shifts it gradually round after every 
blow which it receives from a mallet directed 
by another^ the abrasion of the rock being at 
the same time facilitated by the occasional 
affusion of water. When the hole has been thus 
ejffected^ it is '' swabbed out" by a staff, the 
ends of which are beaten open^ somewhat like 
a brush ; it is then ready for the reception of 
a charge of gunpowder ; but the awkward and 
slovenly manner in which this is introduced, 
constitutes one of the most imperfect parts of 
the operation. The gunpowder is poured from 
a common flask, its quantity being only esti- 
mated by guess, so that the requisite propor- 
tion is generally exceeded, and not unfrequently 
to such a degree as to fill the hole. This excess 
is gradually removed by dipping a wet reed, or 
perhaps the swabbing stick into the powder^ 
and then shaking off the grains which are thus 
made to adhere to it. But we have yet to 
recount an inconvenience and loss of still 
greater magnitude. Suppose the Hole, instead 
of being peipendicular, shoidd be horizontal^ 
or more or less inclined, when it is technically 
termed a '' back hole;'* in such a case the 
miner usually prepares upon the spot, a car- 
tridge of paper, cementing together its edges 
with the tallow of his candle. In this frail 
machine he encloses the gunpowder, and then 
with his iron neele, or bar, pushes it to the ex* 
tremity of the hole ; it is scarcely necessary 



F*' _— A 



mm 



Dr. Paris on the Sitfety Bar. 83 

to add that the cartridge is rarely deposited 
without the loss of some, and frequently the 
whole of its contents ; indeed some miners are 
so well aware of this difficulty and waste, that^ 
t*ather than intrust the powder in a cartridge^ 
they deliver it in small quantities aft a time> 
with an iron rod haying a concave surface^ 
resembling in some degree the shape of a 
marrow spoon. But here again another diffi** 
culty occurs, for by such means the powder 
instead of being conveyed to the extremity of 
tiie hole, is of necessity, scattered in a train 
along its sides ; to remedy this, the miner has 
recourse to a most hazardous and frightful ex-^ 
pedient, that of thrusting forward the uncovered 
powder with his iron tamper f After the gun- 
powder has been deposited, clay, or some^times 
oakum, is pressed down upon it. A communi- 
cation must then be secured through the mattei* 
which is immediately to be rammed over it^ 
and this is effected by one of two methodsj viz. 
by ^^ driving the neele/' (a corruption, I pre- 
sume, of the word needle), which is an iron 
skewer about two feet long, having a large 
eye resembling that of a needle^ as represented 
Hn plate III, fig, IV ; or by introducing into 
the charge a cylinder composed of quills^ 
and filled with bruised gunpowder tightly 
rammed together. One of these arrangements 
having been adopted, the operation of tamping 
next proceeds, which is that of ramming down 
a quantity o(killa$^ pieces of common brick, or 
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the frag^tnents of any stone whicH may be Ht 
liand^ with an iron rammer, called a '^ tamper" 
or ^^ tamping bar.'* A solid arch* is thus formed 
over the charge^ which i^ capable of offering a 
most powerful resistance to the explosion of 
the elastic fluids which are generated by its 
combustion.f After the tamping is finished, 
the neele is withdrawn, by introducing the bar 
i^to its eye, and then striking it upwards with 
a hammer ; the cavity thus left, and which 

* l^Iie inflnctice of pressure id converting Angular fr$g-^ 
ibents into solid masses has b^en curiously illustrated by a 
process lately practised in France, which is that of conrert- 
ing moistened rubbish into building stone by two or three 
Strokes from a stamping engine. 

Birkbeck's "four through France « 

4 ft has beefn a i^ofriem to discover a method by which (lie 
necessity of tamping might be rendered unnecessary. In 
h\Mi\ngitouldersy or insulated masses of rock, the pouring in 
of dry sand upon the charge without any tamping, is suffi- 
cient ; the Italians blast tlie Alps in this manner, and the 
same method is at present practised with efiect^ at Saint Ires, 
for the purpose of obtaining stones lor the formation of a 
breaktibaicr : I have^ however, been informed by some in<* 
felligent miners that in hard and solid ground^ this is not 
sufficient, and that in ^^ back holes^' it is (piite inadmissible ; 
f ougtit, hotreter, to obserire, that since the publication 6f' 
the Report of the Geological Society upon this subject, Mr. 
Teague, of Treskerbt/ Mine, has su^gesrted th^ practice of 
drifing a plug into the hole, and he stateel that it has been 
attended with success. — It sometimes happens that withotft 
any compression upon the powder, its combustion will heave 
its burthen. The explanation which Mr. Oke Millet has giten 
ef this circumstance appeals to be correct^ ^*the air which 
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forms a direct communicatioh ^ith the charge/ 
is filled with g»unpowder, and a hollow rush or 
rced^ containing powder also^ is then inserted^ 
and kindled^ or in case of quills having been 
employed, their contents are ignited by the 
contact of a snufTof a candle. By sueh means 
a sufficient interval elapses for the escape of 
the miners, before the fire reaches the chai^e^' 
when the rock is burst asunder. Such is the 
succession of the different stages of this process, 
provided all goes on well ; but too frequently, 
an unexpected explosion takes place during^ 
the operation, when the unhappy miner i&i 
eitheV killed on the spot, deprived of sight, or 
so mangled as to i«main a helpless object of 
misery for the rest of his days ; whilst his wife 
and children, and perhaps an aged parent 
dependant upon him, are driven in a state of 
destitution, to the hwd necessity of seeking 
from charity that pittance \Yl\Mt honest ii^- 
dustry can no longer supply. 

In investigating the causes from which such 
a qatastrophe may arise, it is. evident that the 
concurrence of two circumstances is indis- 
pensable ; th^ production of fire, and its trans-. 

is disengaged from powder acts more powerfully on the side« 
af holes than pa the enda» because more surface of rock is. 
e^po^ed t9 its action ; thus the lamp is not blo\^ out, with- 
out \\vd sapa^^tion of the rock : that part of a mortar whiclx 
contains the powder, forms the segment of an oval, by which 
contrirance, the air, that is set free from the powder, actela 
the mo^t ppxrcrful maonery' 
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mission to tl|e mass of gunpowder at the bot^ 
torn of the hole : this considera^tion naturally 
suggests the following arrangement. 

I. — Causes which may elicit Fire. 

1. The collision of the iron tamping bar 
with siliceous or sparry matter,* or with mun- 
die, &c. 

2. The attrition of the different substances 
>Yhicl> compose the tamp with each other. 

3. Driving the iron neele with such violence 
as to strike fire against the bottom of the hole. 

4. The friction occasioned by the extraction 
of the iron neele . 

5. Th^ vibration and concussion of the ex- 
tremity of the iron neele, principally during the 
tamping of the second layer of rubbish, before 
it has acquired steadiness and support from the 
filling up of the hole. 

Ih'-^Causes which occasion a communication with the 
charge qf GunpowdcTy and thereby expose it to 
(iccidental ignition. 

6. The careless manner in which the powder 
is scattered about the collar of the hole, or left 
^o adhere to its sides. 

* Spar is synonimQus with quarts in the-Tocabuiary of the 
Cornifili miner. Mundic is iron or arsenical p^rittSy which 
strikes fire with amazing facility, and is generally employed 
for that purpose by the miner in preference to quartz. Pliny 
mentions this application of pyrites veiy particolu-ly. The 
^erm seems to be deriTcd from this quality. 
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7y The accidental fracture of the cylinder 
of quills, from the abrasion of the iron tamper, 
or the escape of gunpowder from some one of 
its joints.* 

8. The forcing up a quantity of powder from 
the body of the charge, by carelessly ramming 
down too hard and improper rubbish imme- 
diately over the clay. 

There is also another fertile source of acci- 
dental explosion which ought to be noticed^ 
although it has no connexion with any of the 
above causes, it being solely dependent upon 
fool-hardiness induced by a desire to save a 
small quantity of gunpowder, as the following 
statement given me by an experienced miner 
will evince ; when a hole from any mischance 
does not explode, it is necessary to remove its 
contents in order to recharge it, and this is 
eflfected with an iron scraper, when, in order 
to avoid spoiling the powder, the miner fre- 
quently omits the important precaution of first 
pouring into it a quantity of water, whiclj 
would effectually obviate every possibility of 
an accident. 

As the principal causes of accidental explo- 
sion thus dispose themselves under two heads^ 

* I would here observe that such au occurrence is by no 
means rare, the Tery operation of tamping^ hy compressing 
and diminishing the diameter of the quills, necessarily opens 
the joint immediately above such pressure ; for obvious 
reasons, tHs wiU first occur doling th^ second layer of tamp- 
ing. 
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BO will the measures of safety lyhich are to bei 
^opted for their prevention, viz.-^TAe introj 
duction of tools which mil not strike fire, and 
the invention of an instrument which will deliver 
a charge of pinpowtder mthqiU hfisi, 

J.-T-Thfi pitr04iuction of Tools whicji willnot sjtrikefire. 

The necessity of introducing some safety 
BAR, instead of the fatal tamper in common 
use, was first suggested to me by my friend 
Sir Rose Price, more than three years since, 
his attention having been directed to the sub*' 
ject by the occurrence of several terrible acci- 
dents upon one of his fanns, in blasting the 
boulders of granite which impeded the progress 
of its cultivation :— he at that time succeeded 
in procuring a metallic bar which would not 
strike fire, although its too great malleability 
jprevented its introduction into general use; 
lit this period, the Geological Society was 
established, and it was reserved for its members 
to give a g^eneral and public impulse to the 
investigation which Sir Rose Price had so 
humanely suggested ; their activity, as might 
be expected, soon awakened s\, kindred energy 
in many of the more liberal and intelligent 
agents, whose ^eal upon this occasion cannot 
be too highly appreciated, but they will receive 
from the approbation . of their own hearts a 
more sp.tisf|^cl6ry and solid recompence than 
from ^.ny eulogium which it is in my power iq 
\>estovf. At the sug'gestion of John Williarg§^ 
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Vjsq. to vrbom J had sent seyeral bars for trial, 
and who reported that '' they b^nt, and werp 
unable to stand the work^" the extremity of 
the tamper was merely shod with an alloy, 
Mr. Ghenhalls of St. Just^ at the same time^ had 
a number constructed upon a similar plan^ 
which he introduced into all the mines oyer 
"Ifhich he had influence^ or control, and the ' 
principle appeared to answer; it lyas, how- 
jever, necessary to ascertain tjie exg-ct propor- 
jlion of coj^er and tin, which would produce 
the best possible alloy for the purpose; to 
discover this I made some experiments, and 
submitted to Mr. Ghenhalls different specimens 
for trial, and I learn from him that the one 
which answers best is a composition of 86 parts 
pf copper, and 14 of tin.* The safety bar 
thus pbnstructcd is presented in the plat^, %, 
^I, thQ allpyed wd (6), if injured, can easily 
be replaced for a few pence, the cost of the baf 
is Is. 6d. that of the common tamper Is, 

The SAFETY BAR has been in general use for 
more than twelve months in most of the mines 
in the western part of the county, apd in addi* 
tion to the evidence already published in the 
last Annual Report of the Geplogipal Society, 

* To those Djrho manufacture the sAFExy bar, I beg to 
suggest that they will do ^if ell to keep the metals p fusion for 
some time, and constantly stiired^ otherwise the greater part 
of the copper will sink to the bottom, and that of the tin rise 
to the surface, and in consequence there will be found two 
^erent alloys, possessing yery different properties, 
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I have the satisfaction to add the foUowing^ 
respectable and gratifying testimony of its 
efficacy. 

" Wty the undersigned Mine Agents^ have great 
pleasure in bearing testimony to the security afforded 
iy the. introduction of the safety bar, recommended 
by the Royal Geological Society of Cornwall^ against 
those terrible explosions so frequently attendant upon 
the use of the iron tampers ^ and that they are quite 
unobjectionable in their application^ and hate been the 
only ones used in the different mines of which we are 
respectively the agents; viz. in Botallack fir 15 
ptonthsy in Bosworlas MooRjfbr the same period, in 
Ding DoNGybr tefz months, in Park Nowetu. for 
14 months, in Little Bounds for 15 months^ and 
in HuEL OiiOsy&r 13 months.''* Dated dOth Decent^ 
ber, 1816. 



Signed, 



NICHOLAS GRENFELL, JBo/a//ac*. 
THOMAS OATS, Bosworlas Moor. 
N. WHITE, Ding Dong. 
JOHN CLEMENS, Park Noweth: 
JAMES NICHOLAS, Little Bounds. 
RICHARD BOYENS, Huel Olds. 



To John Ayrton Paris, M.D, &c« 



.Jl - 



T)b. Paris on the Slafety Bar. 91 

^* W€j the undersigned^ Subgeons of the prin" 
cipal mines in the parish of St. Just in Pcnwith^ do 
hereby certify, thai since the general introduction of 
the SAFETY BAR inio the mines of that district^ no acci- 
dent has occurred from the - premature explosion of 
gunpowder in blasting rocks, and that such accidents 
did frequently happen when the common iron tamping 
bar was in use,^ Penzance, 27th December, 1816. 

Signed, WILLIAM BERRYMAN, 

EPWARD COLLINS GIDDY 

To Da. Paris. 



K is necessary to state that the neele is never 
used in the mines just alluded to^ the fuze 
being constantly made by quills^ and that there* 
fore they have not been exposed to the Srd, 4th^ 
and 5th causes of explosion. 

The IRON NEELE is an instrument no less 
dangerous in its operation than the iron tamper, 
indeed it appears from the 5th cause of ex- 
plosion^ that during the act of tamping with a 
SAFETY BAR^ an accident is liable to take placief 
if the ir9n neele be employed. In some of the 
greater mines^ a copper neele has been for some 
time in use. Lord Dunstanville, the active 
and munificent patron of every thing which 
tends to promote the interest of the county, 
and the welfare of its population^ has^ upon 
this occasion, exerted his influence with con^ 
siderable effect. 
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The neele is represented in the plate by fig, 
\y. its>eye (ab) may be composecl of iroru a» 
coj^er is too ductile for that purpose ; its body 
jind point should, be copper, combined wit^ 
about a tweUlh p^rt of tin, 

JL— -TA^r introduction of an instrument which xpilt 
ftcHver any charge qf Gunpowder without lass. 

Prom what has been already stated with re- 
jgpect to the awkward manner . of charging 
lioles witli gunpowder, the necessity of soipe 
expeditious^ economical and safe niethod of 
efiecrtin^ itj, is sufficiently apparent. The iiistru^ 
ment wnich I am about to describe and recom- 
ittcnd, completely meets such an intention, and 
will not only obviate several causes of acci- 
dental explosion, but will economize one fifth 
of all of the gunpowder consumed in the ope- 
Tatiott of blasting, and thus save to the mining 
interest c^ Cornwall a sum exceeding six thou- 
sand pounds annu£^lly \ To those who have 
not considered the subject, such an estimate 
may appear chimerical, but I am fully prepared 
to s^ew that it is a fair approximation ; it is 
well known that the cost of gunpowder used in 
all the mines of Cornwall, amounts to more than 
THinTY THOUSAND POUNDS a year, and I would 
ask any agent acquainted with the slovenly 
manner in which it is applied, (taking of course 
the average of the loss in the charges of per-? 
pendicular and iaclined holes) whetj^er one 
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fifth of it, af least, is not entirely wasted ?-=^ 
The idea of delivering gunpowder at the bot^ 
torn of a hole by means of an instrument 
capable of adapting its capacity to any given 
quantity which might be liequired for a charge^ 
suggested itself to Mn Chenhalls (whose name 
I have before mentioned) mote than fifteen 
years ago^ but no attempt to convert it to a 
practical purpose was made, until the Geolo* 
gical Society entered upon the present inves- 
tigation ; Mr. Chenhalls then sent me an in- 
strument, which, after some additions, and 
farther improvements, is that which I am about 
to describe, and to which the name of shiftimq 
CARTRIDGE has bccu givcn. Figures I and II 
of plate Ss represent a view and section of this 
instrument j it consists of a copper cylinder 
{ah) two feet in length, and one inch in di' 
ameter, containing a moveable rod (c) which 
is graduated in inches, and has affixed to its 
extremity a leaden plug (d), the cap (g) is 
made to take off^ in order, at any time, to 
allow the removal of the rod for cleaning the 
interior. — Manner of using it-— Dmw out the 
rod as many inches as you require it to deliver 
of gunpowder, then invert the instrument, fill 
it, and place a piece of moistened clay upon 
the mouth of the cylinder ; it is now to be in- 
serted into the hole, when, by pressing down 
the sliding rod, the whole charge is immediate- 
ly delivered in a mass without any loss ; before 
the instrument is withdrawn, the rod should 
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be rammed down smartly several times upon 
the mass of gunpowder. 

In charging ^' back holes" the only dif- 
ference which it is necessary to observe in its 
application is^ that the clay should be stuck 
upon the end of the plug (rf) previous to the 
introduction of the powder into the cylinder. 
When quills are used for a fuze in preference 
to the neelCy it will be found advantageous to 
affix in the cylinder a small tube for their recep- 
tion, as represented in the plate, by fig. II (ef) 
by which contrivance they may be inserted into 
the centre, instead of upon the surface of the 
charge, the result of which is a more instan* 
taneous and consequently a more certain and 
effective combustion:* thus, suppose the in- 
strument is to carry a charge of four inches, 
the rod should, in such a case, be pressed down 
only two inches before the insertion of the 
quills, and the remaining two after it. 

Having thus communicated in detail, the 
results of an enquiry into the causes of acci- 
dental explosion, and described the methods 
by which so dreadful a calamity may be avert- 
ed, I may be allowed to hope thp,t I have per- 
formed a service of some importance to the 
county of Cornwall ; at all events, I feel that 
under the circumstances which I have stated, 
I could not have shrunk from the performance 

^ It is the application of the same principle that gives 

|itit»eriority to Maiiton's neU known patent breeeh« 
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of such a task^ without forfeiting every claim 
to the character^ which^ of all others^ I am 
most ambitious to sustain ; that of a diligent 
and humane physician^ whose duty it is to 
iprevent as well as cure the diseases and acci- 
dents to which those around him are more 
immediately exposed^ and by his influence and 
counsel to correct the habits, and remove the 
prejudices which are most active in producing 
them. Let this be received as my reply to 
those who have censured me for interfering in 
the concerns of an art, of which I must be 
entirely ignorant ; and if I have ventured to 
descend into the dark regions of the earth, and 
have presumed to enquire into the occupation 
of the intrepid beings who labour in its caverns, 
it was not without a claim upon the support of 
a protecting Sibyl, whilst to those perturbed 
spirits who might oppose my adventure, I was 
prepared to present this essay as the " Donum 
Fataus ViRGiE/' which should at once appease 
the fury of their indignation. 

[^H ere followed a tabular view of ninety-eight cases 
ef accident; the consequences of a large proportion of 
which were^ disability or deaih,^ 



POSTSCRIPT. 
As more than twelve months have elapsed since 
this paper w as read before the Society, anjl, by a Reso- 
lution of the Council, circulated amongst the mine 
agents in the county, it becomes my duty to state in 
this publication, that the Safety Bar has continued 
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in use in the wesierii mides aiboye enumerated^ andf 
that no accident has dccurred since iti» intrbdiictiOR^ 
To what extent it has been adopted in the eastern ,dia-' 
iricts of the county I am not able to state^ as I no 
longer reside in Cornwall, but I indtilge a hope that 
the ^'iron ag^ is passihg away^'-aiid that the next 
folUme of this work will Announce its final departure. 
As an historical document of interest and import-' 
ance, as a gratifying testimony to the humanity which 
has ever characterized Cornish Gentlemen ^ and as a 
powerful authority in support of the cause I have so 
2ealousl/ advocated, I feel it my diity to place upon 
recoi'd, in this volume, the following Resolution of 
the Grand Jury of the County of Cornwall, assemblect 
at the last Lent Assiz^s-^Dated, " Gtand Jury 
Chamber, Launce^ton, March 28, 1817.'* " Mr. 
Justice Abbot hiwingl in his charge^ directed the dtten-^ 
Hon of the Grand Jury to the numerous accidents which 
occur in the mines ofCornwallyfrom the present methods 
of blasting rocks with gunpowder^ and he having re** 
Jerredto an essay written hy lir. Paris^ descrihtng 
InstruKients ok Safety, the suctess of which^ in 
pretenting accidental e±ptoH6ny has been satisfactorily 
proved by the testimony contained in the printed He- 
ports of the Council of the Royal Geological Society of 
Cornwall; We, the Grand Jury of the County 
OF CoRNw ALLy ^embled at the jLent Assizes^ at the 
town of Liaunces0ny feel it to bt our duty strongly to 
recommend the speedy and general introduction of the 
said " Safety Instruments," to all agents of mines 
in the said county, and to request the Clergy , Magis- 
tratesy and Gentlemen, to give every possible publicity 
to (his Resolution) throughout their tespective dis^ 
iricts J""^ 

(Signed) 

REGINALD POLE CA^EW^ For eniatii 
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X. — On Elvan Courses, 



Br JOSEPH CARNE, Esq. 
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XHE! general and indefinite meaning at* 
tached to the principal names given by the 
miners to the stones of most fix^quent occur- 
rence in the Cornish mint^^ has been often 
observed and regretted by mineralogists who 
liave visited Cornwall. For in8tance-**8par 
means not only calcareous spar^ and fluor spar^ 
but quartz. Peach is either chlorite^ or mica^ 
if the latter has a tinge of green. Flucan is 
either a white^ or a greenish clay^ no matter of 
what kind. Growan is decomposing granite^ 
sienite^ or even porphyry. Cockle is either 
schorl, or hornbtende. Killas is proper grau- 
wacke, or argillaceous shistus, or slate. The 
indefinite use of this term occasioned, not long 
since, a paper war between two eminent 
Scotch mineralogists, both of whom were right 
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in their application of the term, but incorrect 
in supposing it to apply to one substance only. 
Of the word capel, it is almost impossible to 
give a definition, as it refers rather to situation 
than to substance. 

The term elvan. shares the fate of those 
already mentioned. It is a stone which fre- 
quently occurs in the mines of Cornwall ; but 
so various in its appearance and composition, 
as well as in its relative situation, and more 
particularly in its apparent effecte on metallic 
veins or lodes, that whilst in some mines it is 
regarded as an ill omen, ^s hailed in others as 
the harbinger of riches. 

Elvan occurs .in Cornwall in inclined strata, 
which are scarcely horizontal enough to be 
called beds, and yet this is the only name which 
can strictly be applied to them. The miners 
call them channels, or courses; and by the 
latter of these terms I shall hereafter describe 
them. Most of the quarry-stone used in build- 
ing is procured from the top of these courses. 

As far as -they have been discovered, the 
elvan courses have the same inclination as the 
adjoining rocks, and are undoubtedly of the 
sdme primary formation: for there appear no 
marks of a more recent formation in the rocks 
above the elvan, than in those below it. The 
lodes also are found to pass through the elvan, 
in the same manner as through the killas or the 
graijite. 

Elvan courses have been most frequently 
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found in kiUas: this^ however^ is no proof 
that they do not as often occur in granite ;- 
but the most productive lodes being in killas^ 
greater search has been made there^ andy in 
consequence^ more elvan courses have been 
discovered. 

They have an east and west direction, or they 
vary but little from those points. They gene- 
rally underlie rapidly towards the north ; much 
more so than the lodes, which are therefore 
frequently found to intersect the elvan courses 
m depth. The point, however, of the greatest 
importance to us as miners, is, to ascertain the 
modes in which lodes are affected by coming 
in contact with elvan courses. These are va- 
rious. 

In the first place — the lode passes through 
the ^van as tlirough the killas, without any 
apparent aUeration ; as in the Weeth Copipcr 
Mine in Gwinear, where, the elvan course is 
twenty-four feet wide, and inclines or underlies 
north, four feet and a half in every fathom. 
The lode enters the elvan without being dis- 
turbed, and continues in sit^, quality, and hard* 
ness, just the same as in the kiUas. This elvau 
is homstone porphyry with quartz. 

2ndly. The lode, on entering the elvan, 
becomes suddenly impoverished, and lessened 
in size ; or, as the miners tenn it, wrung toge* 
th^r. This is the case in HosewaU^hill tin mine 
in Lekmi; where, in a granite country, an 
elvan course ha^ lately been discovered 150 
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faihonis under the surface. Its widtk hts not 
been ascertained. It underiiels north-ea^ty about 
ten f^et to a &thom in d^pth. The lode; which 
Iiad previously been eighteen inches wide, and 
rieh in tiii, quickly dwindled to four inche^^ ^oaA 
contained very little tin ; and even that was of 
a quality much inferior to what it yielded when 
in the granite. The elvfin here appears to be 
a close-grained granite, with hornblende and 
'Chlorite : very different from the granite of the 
countryj, which is of a very large grain, 

Scdly. The lode, on entering the elvaii, is 
divided, and becomes much harder tlmn before, 
la Huel Ann copper mine, in- I%iliack,/the 
lode, which, was presumed to be the Harare as 
that of Huel Alfred, presented, whilst in the 
killas^ sudi favorable appearances, as to make 
the adventurers confident of possessing a tocond 
-Huel Alfred. On its entering the ^Ivain, hwff^ 
iBver, their expectaltions were endrely blasted. 
The lode was divided into three - pairts, 9mA 
became so hard as to oblige tlie adventurer^ 
after Bxi.ijie#ectual stc^uggle, to relmqaish tiieir 
piursuit. . The wid)tfav<]f this ' i^Iyan was x>ever 
ascertained. It ;con^ists' principaUy of ^ry 
compact chlorite. ;. . ' « '. 

4lMy; Jnsftano^s >am ncct ^frequent where 
the lode, ioa entering th© . eli(aii:, -ftot owly be- 
comes smaller and less ricii:,4btit '*he ^Iva«i 
becomes! miiiied ,wiA the tode. Hhis is the 
case* in Crenver, Hii^l iiAbi^aliam, . ai)4 Huel 
Sarah, three adjoining i?0|<pkviwflie» ill ^ow^^^ 
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In these inines^ the elvan course vafias iti width 
from one to three fathoms^ and uikJevUes in 
some parts six, and in others even eighteen feet 
to a fathom in depth, towards the north^Svest. 
Its bearing is north-east and south- west. TKe . 
lode, which is about two feet and a half wide) 
bears east and west, and underlies south, two' . 
feet in every fathom. However rich it may have 
been in the killas^ it becomes small, poor, and 
often divided into small branches, in the elvan ; 
and the elvan appears to be one of the com- 
ponent parts of the lode. This elvan is a 
mixture of quartz and mica, and^ in some parts, 
of ohlorite. 

5thly. In other instances the contrary effects 
are seen. The lode, on entering the elvan^ 
increases not only in size, but in goodness. 
Hnel Alfred copper mine in Phillack, furnishes 
a remarkable instance of this kind. The elvan 
course here is fifty fathoms wide; it bears 
north-east and south-west, and underlies north- 
west six feet in every fathom. The lode, which 
underlies north only two feet, produced some 
ore whilst in the killas ; but on entering the 
elvan it became much richer, and increasing in 
goodness as in depth, it at length yielded ore 
sufficient to give the adventurers a profit of 
one hundred and forty thousand pounds. Its 
width in the killas was from six to nine feet^ 
but in the elvan it gradually increased to 
twenty-four feet. At the depth of 120 fathoms 
it left the elvan and re-entered the killas; 
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and fran^iU)ence it ^adually diminished in size, 
until ait Ith^ depth of 150 fathoms it was only 
tea feet- wide. It declined also in goodness asi 
SQOii'as it left the elvan. After pursuing it a 
fittlte deeper, its poverty obliged the ' adven- 
turers to abandon the concern. Near the sur- 
:;/ ^ace, this elvan appears rather granitic, but in 
-' the deeper parts it is decidedly hornstone por- 
phyry. 

6thly. In some mines, the lode, on entering 
the elvan, becomes not only larger and better, 
but sends forth small branches which penetrate 
the elvan on both sides. In the eastern part 
of Huel Vor tin mine, in the parish of Breage, 
tjiere are two elvan courses. The northern 
course, which is the largest, is twenty feet wide, 
bears north-east and south-west, and underlies 
north nine feet to a fathom ia depth. The lode 
which underlies north only a foot and a half, 
was productive in the killas, but much more so 
in the elvan. In the former, it was two feet 
wide, but in the latter it increased to five feet, 
and in some parts branched through the elvan 
in such a manner as to impregnate the whole 
of it with tin, and to induce the workmen to 
take it away even for twenty feet in breadth. 
The lode is still in the elvan. Near the sur- 
face, this elvan appears to consist of decom- 
posed felspar and - quartz. A little deeper, 
hornstone appears. In the deepest part of the 
south ^ elvan, the hornstone is compact, and 
iu isoiiie instances slaty. The latter, it is 
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su}^o9ed^ has not been found in any other part 
of Cornwall. This elvan course has been traced 
on the surfi^ce five miles^ from Tolmenor in 
Breagc to Porkeilis in Wendron. 

7thiy. An instance occurs in West Huel 
Fortune copper mine in Ludgvan, where^ ia*. 
some parts the lode becomes larger and better^ 
and continues entire in the elvan ; and in other / 
parts of the same elvan^ it is divided into minute 
branches^ called by the miners strings, which 
are still so rich, as to be nearly as valuable as 
the lode^ where it is undivided. Thiselvan^ 
although decomposed in the higher^parts^ is^ 
in the deepest levels homstone porphyry. 

Lastly. In Chacewater tin and copper mine 
in Kenwyn> there are at the surface^ two elvan 
courses a little distant from each other. From 
their colour, one is called the white, and the 
other the black elvan. At the depth of about 
sixty fathoms they unite, and continue in union 
as deep as they have bean seen. The course 
formed by this union is about six fathoms wide, 
underlies five feet and half to a fathom in depth> 
tind bears about 2(y north of east and south of 
west. This elvan course, without being at all 
intersected by, or united to, a lode, is full of 
small veins of copper ore, which cross it at 
angles of nearly 4.5*". Before the union of the 
two courses, both of them were crossed by 
these small veins; but after the union the 
elvan became softer, and the ore richer* That 
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these rich branches can proceed from no ordi-^ 
nary copper lode, appears from the dipping of 
the elvan towards the east, where it is com- 
pletely covered by killas, whereas a lode would 
have continued through the killas as well as 
through the elvan. 

In the midst of this elvan course, are often 
discovered small unconnected beds, called by 
the miners floors, of red elvan, quite distinct 
from the otber^ but still intersected by the 
copper veins. This is an instance of a sin-' 
gular kind ; and by favour of Mr. Samuel 
Moyle, I have procured specimens of the dif- 
ferent sorts of elvan, crossed by the veins of 
copper. The white appears to be decomposed 
felspa and rquartz : the black, hornstone, with 
quartz and chlorite: and the red, homstonel> 
perhaps as fine as Cornwall can produce. 

Had there been sufficient time for enquiry, 
many other mines might be, and perhaps still 
may be adduced, in which the appearances of 
the elvan courses would corroborate and illus- 
trate the circumstances already mentioned. 

It }s presumed, however, that these instances 
comprize nearly all the different modes in 
which lodes appear to be affected by elvan 
courses ; except, perhaps, in a few minute and 
unimportant particulars. 

I have purposely said nothing of elvan 
courses which have no known connexion with 
metallic veins. It may, ho^veyer, be stated in 
general that;, particularly in a killas country^, 
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wherever there is a quarry, of which the stone 
differs from the killas/ there is certainly an 
clyan course ; and by way of specimen, the 
surface of one may be seen for some length, at 
low water, just at the back of Penzance pier. 

From the whole we may easily perceive the 
difBculty, not to say the impossibility, of form- 
ing any theory of universal application to elvan 
courses as connected with lodes. 

Should a theory hinge on the courses being 
more or less horizontal or vertical, it is over- 
thrown by a comparison of those of Huel Vor 
and Rosewall-hill. In both the inclination is 
great, and towards the same point ; yet in one 
case the lode becomes richer, whilst m the other 
it is almost wholly unproductive. 

If a theory turn on the consideration whether 
the elvan course underlies towards the same 
point as the lode, or towards the opposite point ; 
this is settled by comparing the courses of 
Rosewall-hill and Crenver. In the former, the 
elvan course and the lode both underlie towards 
the north. In Crenver the elvan underlies north, 
and the lode south, whilst the lodes in both are 
equally poor. 

Should the different component parts of the 
elvan courses be maJe the cause of the different 
circumstances of the lodes, let the Huel Alfred 
elvan be compared with that of Crenver : they 
nearly resemble each other : and yet in the for- 
mer the lode was immensely rich, whilst in the 
latter it was good for nothing. 
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Gratifying, therefore, as it would be Uy sd- 
entific men to discover some geoeral law appli- 
cable to the apparent effects of elvan courses 
on lodes, these are^ and perhaps will long 
continue to be, subjects in which the experience 
and the practical knowledge of the miner are 
his only guides ; and these he has in fact, in 
this as in many other cases, found far superior 
to the best merely theoretic rule which could 
possibly be estahli^ed. 



XI. — Notes on the Limestone Rocks in the 

Parish of Veryan. 

Br S, J. TRIST, Esq, 

MfiMBEB OF THE SOCIEXr. 



With a» APPENDIX by the Rev. J.ROGERS, 

MBKBEB OF THE SOCtBTT. 



-.1 HE limestone of Veryan occurs on the coast 
at Pendower beach^ and may thence be traced 
for one mile and half inland^ and is visible at 
the surface in three different places^ nearly 
at the equal distances^ but at different eleva- 
tions ; the most inland being probably a hun- 
dred and twenty or thirty feet above Uie 
level of the sea. In each instance^ it crops 
out at the brow of a hill^ as is attempted to 
be shewn in the section^ (pi. 4), but it no 
where appears in the vale below; whence it 
should seem originally to have stretched across 
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the valleya, but to have beeii subsequently ^ ™y^ 
carried away^ together with the accompanying coltect 
matter^ by diluvian action. ^'o- 

In breadth, it extends over a superficies of 
350 yards, but alternates to a great degree 
Irith an argillaceous schist, the time itself '^\^ 
Hever exceeding three feet in thickness, and 
that only in the upper beds of the stratum : it 
amounts altogetlier scarcely to one-eighth of 
the whole mass. i lit| 

It rises at an angle of 53, but varies from 
that to abore 40 ; the dip is E. by S. It ap- 
pears to rest on the primitive districts of the 
west. The bearing of the three hills in which 
the limestone is found, is north by east, and 
the strata of limestone, unlike most other rocks 
of the neighbourhood, has a conformable posi- 
tion with the formaiioa on which it reposes^ as 
represented by the section. 

According to the analysis of this lime; as 
givien in Mr. Worgan's '^ Agricultural View of 
Cornwall,'* on the authority of the Rev. Mr. 
Gregor, a good specimen yields about nine- 
tenths of carbonate of lime, the component 
parts being 89^ grains of pure limestone, 10 
silex mixed with manganese, and |^ of a grain 
of oxide of iron. 

A ton weight of the stone will produce in 
quantity nearly twenty single Winchester 
bushels in shells, ov fore-right lime; to calcine 
which are required four bushels and a half of 
culm. A comparative scale of the produce 
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of the Plymouth and Veryan limestone^ I 
kave collected from the publication above al«- 
luded to. 
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That IB to su.y, the same quantity of shells is 
produced from 1 1 tons of the Veryan st^ae, as 
from 14j of the Plynaoulh stone, ai>d wiith ten 
bushels less of culm. 

As a. teenient^ its quality is remarkably ^ood^ 
oecasiotiedj, it ifi thought^ by the presence ^tthiP^ 
two latter ingredients given in the analy^si. 
For manure it is also much valued. Whero, 
l)ioweyer> it »has bcea tried coti^arat^vely in 
this re^ct with the Plymoi^th, ^ene, tbt^oe 
does Bfot appj^r tobe/ai^y di^e^eaoe; /ki their 
produce.* ^ 

We have ma^on to beheve it to be of tratnai- 
tion origin. Mr. BuQkla'od identifies it with a 
\m^ fprmatiqA^ found : at ^aa, elevation of ivm 
iniles higher, jn the Pyrenees, No organic 
rernaijQS havre* be^n found < in it, except in the 
i^st^nce of a patella, whi<th the quarry-mea 
d^lared they di^covefed rin the body of the 
Isoek, and so nicely was it fitted to it as to make 
it appear to be coeval with the rock itsdlf. It 
^vas aflberwai^ds ^dovered, however, to have 
been Ibuiul inr a vein of maagfdnese. 

I r 

A 

♦ Sec * Worgan's Agricultural Survey,' page 129. 



• > 



1 13 S. J. TjdSTj Eh«. en ike j 

\ 
slitutes about seven-eights of the whole 

wherein the lime is found. 

The floor on which the lime rests, 
argillaceous schist, with veins of mangani 
In this ground a mine has been wrought wi 
the last two years, and man^nese of good 
lity, and in promising abundance, has 
found ; but of late the work has wot been 
tied on. 

As £Eir as the lime and this formation of 
ganese extend along the beach, there is fo 
on it a flat stratum of sand and pebble 
This stratum appears occasionally in the 
of a black sandstone of the.dqpth of two fie 
sometimes as a conglomerate of sand, 
bles, &c. amounting to mbre than ten 
in thickness. Upon it pests the clifT, a mass 
an argillaceous friable earth, apparently 
alluvial deposit. How far under the cliff 
sand formation extends, thene are no immedi; 
means of ascertaining, but it would appear 
have been thrown up by the sea, previously 
the lodgment of the incumbent matter, and 
have been subsequently cemented, probably 
the presence of manganese in the nmghboi 
hood. 

It is a circumstance worthy of remark, 
its appearance abruptly and entirely ce 
with the lime on the east, and extends no fui 
ther than the manganese on the west. 

About half a mile further on the west, in tli 
parishes ofTilley andGerrans, lime again risd 
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to the surface in two distinct, but not consider- 
able formations, of a coarser grain thaii th6 
Veryan lime, and with different alternationSj 
though in other respects bearing much the same 
character. It rises on the coast, but has not 
being traced inlands 

About three miles eastward also, at Pol-- 
grane, in the parish of Caerhayes, lime appears 
under precisely the same circumstances as 
the Veryan lime, though separated from it by 
a high and extensive ridge of land that jute 
into the sea, of which the main rock is grey- 
wacke* On a slight examination, this lime 
formation appeared to be identical with thfeit 
in Veryan, the intervening land b6ing an in- 
cumbent mass of subsequent origin 4 
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Observations on the Limestone of Veryan and 
the neighbouring parishes. 

s 

Br THE REV. JOHN ROGERS, 

MBMBBm O^ TUB tOCIBTT. 



.A. PAPER on the limestone of the parish of 
Veryan was presented last year to the Cornwall 
Geological Society^ by Mr. Samuel Trist.— - 
Since that time I have examined most of the 
places at which it occurs, and beg leave to 
present to the Society some specimens of the 
limestone, and of the slate with which it is ac- 
companied ; together with a few remarks, iri 
addition to those already made by Mr. Trist. 

The furthest point to the west at which I 
observed the limestone, is below Cargurrel, 
north-east of Creek Stephen, in the parish of 
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Gerraiis, where I found it dipping east by- 
south, at an angle of about 40 degrees. Thi» 
lime, as will be seen by the specimen^ Contains 
small scales of mica, and in this respect diifera 
from that of Caerhayes and Veryan. Going' 
towards the east, it next occurs on the right 
wde of the road leading: from Pertdower beach 
to Gwendra ; and again ori the right side oi 
the road from Pendower beach to Carne, and 
from Criddlewell on Pendower* beach, to one 
hundred yards beyond the eastern ctxtremity of 
the beach. In all these places, as well as in 
the rock behind the new school near the 
church, the veins of limestone dip about south-* 
rast, at an angle of between 35 and 45 degrees, 
excepting at the place where it is seen for the^ 
last time, about one hundred yards east of 
Pendower beach, and where the dip is east 
by north, at an angle of about 40 degrees.—* 
Here the limestone is bounded by clay-slate 
and grey wacke, and by the immense boulders 
of quartz, mentioned by Mr. Samuel Trist in bis 
observations. 

The furthest point to the north at which the 
limestone is found, is at Polconta. It may be? 
seen there on each side of Fisher's-lane, in 
veins about twelve or thirteen inches thick, 
dipping east south-ea.st, at an angle of 45°. arid 
pU^^ing from thence down the valley to the 
sea; it is found again at Badger's-hole, dipping 
E. S. E, at an angle of 60 degrees t but it haj^ 
not been seen west of the rivulet. I am told 

H 2 
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it lias also been found at Caregloose^ iH the 
parish of Veryan, but I had not an opportu- 
nity of examining that spot. 

Limestone exactly resembling that of Veryaii 
IS also found at Polgrean, in the parish of Caerr 
hayes^ and at several places on each side of the 
road leading from thence to Portholland. It is 
found in veins' from one to four feet wide^ dip- 
ping E. S. E. at an angle of 40*. 

On the right hand going to Portholland, 
about a quarter of a mile from thence^ is a large 
mass of greywacke rocks. 

Having no instrument with me to measure 
tlie dip of the limestone at the several places at 
which it occurs, I have stated it as nearly as I 
could judge by the eye. 

In conclusion, I have to observe, that lin»e- 
stone occurs also at the following places :— » 
In the parish of South Petherwin, limestone 
was raised about half a century ago, and has 
been much used in the neighbourhood of 
Launceston. (See Worgan's Survey of Corn- 
wall.) This limestone is found half a mile 
north-east of the church. Limestone has been 
found in a quarry at Tredinick, a mile below 
Trengoff, on the banks of the Worlegan river ; 
at Newport, near Launceston; in Tregarla 
slate-quarry, in tlie parish of Menhiniot ; in 
the parish of Crantock, between Trevemper 
and the Gunnel, and likewise at Padstow. 
I am informed that it has also been found 
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oa an estate belonging to Sir Christopher 
Hawkins, near the Lizard. Further inquiries 
will probably discover other places where this 
valuable mineral is to be found ; a subject no 
less interesting to the landholder and to the 
farmer^ than to the geologist. 






%ll, — On the Discovery of Silver in the Mines 

of Cornwall. j 

By JOSEPH CARNE, Esq. 

liON. MEM, G.S.L. AND Ml^MBEB Of THE SOCIETY^ 



[The beginning of this Paper was occupied by a historj of 
SilyeF Mines in different parts of the world^ the publica- 
tion of which is deferred.] 



J3>ILVER extracted from lead has been long 
known in Cornwall Carew^ in his Survey, 
says^ '^ Neither hath nature denied silver to 
Cornwall, and if we may believe our chroniclers 
reports, who ground themselves upon authentic 
records. King Edward 1st, and Edward Hid, 
reaped some good benefit thereof.*'* This 
account is echoed both by Norden and Borlase. 
That the silver here mentioned was extn^-cted 

* Surveyi page 7, 
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from lead, may be presumed from the circum* 
stance of miners having been brought from 
Derbyshire into Cornwall in the reign of Edward 
Firsts to work the silver mines.* Now the 
Derbyshire miners were conversant with lend 
mines only^ and would have been no better 
than the Cornish for other mines. 

Small quantities of lead ore^ rich in silver, 
have^ from time immemorie^l, been found in the 
tin and copper miues^ genersdly in the cross^ or 
north and south lodes ; but the quantity being 
too small to pay the expense of e:ictracting the 
silver^ it has usually been sold as lead ore. 

Some mines near Helston^ amongst which 
were probably Huel Pool, and Huel Ro8e> 
were wrought for lead upwards of two hundred 
^nd fifty years ago, and the produce was sold 
merely as lead ore. About eighty years ago, 
they yielded tolerable profit to the adventurers. 

About 1790, Huel Pool was again set at 
work, and produced lead ore which yielded 
from thii'ty to forty ounces of silver per ton, 
in sufficient quantity to induce the proprietors 
to erect smelting and testing works for the ex- 
traction of the silver ; but the expense was 
so great as to absorb the principal part of the 
profit which was actually gained by working 
the mine. A few years therefore terminated 
this adventure. 

Huel Rose was wrought nearly at the same 

* PrycCj page 69. 
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time; Its lead ore yielded sixty ounces ftf 
silver per ton ; but the quantity not being 
sufficient to pay the expense, this concern was 
soon abandoned^ The silver was extracted 
firom its ore at the works of Huel Pool. 

Dr. Woodward* mentions lead ore, very rich 
in* silver, found at a mine called Guarneck, 
near Truro, probably that which is now called 
the Garres. This mine was wrought about 
1720, when some of its lead produced one 
hundred ounces of silver per ton. In 1814 it 
was again set at work, and continued about two 
years. During this period it produced eight 
hundred tons of silver lead ore, containing thir- 
teen parts in twenty of lead, and the lead 
yielding seventy ounces of silver per ton. The 
direction of the lode is N.N. E, andS.S.W. 
Its width is from two to six feet. It is heaved 
twice by two slides. The ore richest in silver 
wa& found between, and adjoining to, these 
slides, at the depth of about seventy fathoms 
from the surface. The silver was e:!;tracted on 
the mine. 

These are the only modem instances in 
which silver has been extracted from lead in 
Cornwall. The silver leg^d ore found in other 
mines, after being properly dressed, has gene- 
rally been sold to Bristol merchants. 

The Bishop of Llandaff, in one of his essays, 
asserts, in substance, that there is no silver 

♦ Vol. 2, page 20. 
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produced in Great Britain^ but ^hat is exr 
tracted from lead* This assertion, at the time 
when he made it, was probably correct. Silver 
ore and native silver have, however, since beea 
discovered in Cornwall in many instances, in- 
dependent of lead. 

The first discovery of this kind was made 
about 1788, in a mine in the parish of Perran 
Zabuloe, which was, in consequence, di^ified 
with the name of Huel Mexico. This was in 
a north and south lode, which produced some 
lead rich in silver; aqd some fibrous native 
silver was found in the gossan. The adven- 
turers, however, soon learned that a humbler 
name woujd have been more suitable to their 
mine, as the silver, which was first discovered 
in the adit, continued a very little way under it 

The next instance occurred in the Herland 
mine, in the parish of Gwinean A particular 
account of this discovery, by the Rev, M. 
Hitchins, was inserted in the transactions of 
the Royal Society for 1801. The silver was 
found in a cross course, or north and south 
lode, and was richest near the point where this 
lode intersected the copper lode, particularly 
M here the latter was rich in copper ore. It 
was discovered in the 90, and continued to the 
120 fathoms level. Its extent in length was 
no where above forty-five feet, but it gr^ually 
became poorer as its distance from the copper 

* Chem* Essays, toI. 3, page 301. 
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lode hicreaeed. TIic ore consisted chiefly of 
Titreous silver ore, arsenicated silver Ore, and 
blaek oxyd of silver. Some of the latter, 
called by the miners gaose'dtmg ore, contained 
upwards of 50 per cent, of silver. The speci- 
mens of fibrous^ and capillary native silver have 
rarely been excelled. The amount of the 
stiver produced in this mine was about £8000. 
A part of the ore was smelted and tested on 
the mine, but the cost being considerable, 
and, perhaps, the proper process not being 
accurately known, the princtpal part was sold 
in Bristol. The mrners had a very simple me- 
thod of assaying this ore. They first calcined 
it over a kitchen fire, they th^i placed the 
calcined ore, with an eqcial weight of red lead, 
in a stout iron ladle, and melted it in a smith's 
forge. The alloy from this melting they after- 
urards tested. : 

. In Dolcoath, in 1810, some grey silver ore 
Hitimately united to cobalt ore, together with 
a little native silver, were found in the sixty 
^thorns level hi the copper lode, very near a 
small cross course* 

The next discovery of silver ore was made 
in 1812, in Huel Duchy, near Callington, in a 
lode inclining to the north-ea$t and south-west, 
and from one to three feet wide, in which the 
adventurers were searching for copper. In the 
adit, silver ore was found in detached lumps, 
with small bunches of native silver. In the 
ten fathoms level, there was a regular course 
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f>f silver ore, accompanied by native silver, 
for nearly three fathoms in length, yielding 
above £)iOO worth per fathom. This was its 
richest part. In the twenty fathoms level, 
some native silver, and bunches of silver ore 
iivere found, but the lode had here declined ia 
value. In the next deeper level the silver wa« 
exhausted. The ore consisted chiefly of red 
and grey silver and black oxyd of silv^. — 
The value of the silver produced was about 
£3000. 

Silver has been found in very small quantity 
In some other mines. 

In Hu^l Alfred, in 1813, some native silver 
was found, appearing as if plated on the cop« 
per ore ; but . in so small a quantity as not to 
be worthy of notice on any other occasion. 

In 1813 a]sOi silver was discovered in Huel 
Basset in lUogan, in a cross course. The 
copper lode here has an east and west direc^ 
tion, and at the twenty-eight fathoms levels 
(or thirty-eight fathoms from the surface), is 
two feet and a half wide, and very productive 
of yellow copper ore. The cross course is 
about four inch^ wide, bears south-east and 
north-west, aad intersects the copper lode 
without heaving it. . The silver ore was found 
in the cross course, at and near the point of 
intersection ; and although very rich whilst 
crossing the lode, it gradually declined in value 
as it left the lode^ and at the distance of six 
fj^et on each Bide^ it almost wholly disappeared. 
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A specimen of the ore from (his mine will shew 
that, although accompanied by galena, it is a 
distinct grey silver ore ; and, what is a little 
extraordinary, the galena, although so closely 
connected with rich silver ore, contains very 
little silver. No native silver has been found 
in Huel Basset ; but some of the ore yielded 
six hundred ounces of silver per ton. 

Huel Ann, in Phillack, furnishes the riext 
instance. In 1814, a small bunch of blackish 
grey silver ore, containing a great deal of 
arsenic and spathose iron, and accompanied by 
native silver, was found in the sixty-five fathoms 
level, in an east and west copper lode. In the 
seventy-five fathoms levels the silver ore ap- 
peared in the midst of the copper lode, a^ a 
separate lode, from two to five inches wide, 
between distinct walls of quartz. Some fine 
specimens of fibrous native silver were found 
in this level ; but these, as well as the ore; 
proved of very short duration* 

The last instance in which silver has been 
discovered in ComwaD, occurred in Wills- 
worthy mine, {which, indeed, may be said\a 
be rather on the border of Devon) in 1815w 
The lode here is about twelve inches wide, 
bearing N.N.E. and S.S^W. and underlies two 
foet and a half per fathom to the south* In 
the ten fathoms level, a vein of white and 
amethystine quartan divided the lode : between 
this vein of quartz and the lower, or northern 
wall of the lode, was found a vein of rich 
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arsenical cobalt ore^ combined with native 
capillary silver, in a ferruginous matrix, from 
three to six inches wide. The space between 
the vein of quartz and the higher, or southern 
wall^ of the lode, was occupied by a vein of 
rich yellow copper ore, from six to nine inches 
wide. The silver continued about two fathoms 
in length. The copper was not so soon ex- 
hausted. The specimens of native silver from 
this mine have eclipsed all that have ever 
before been found in Cornwall, both in size 
and beauty. 

The mines of Cornwall in which silver has 
been found, have been, withc^ut exception, in 
killas or argillaceous schistus. 

The circumstances in which silver has been 
generally discovered in Cornwall, should in- 
duce the miners to pay more attention to the 
component parts of cross courses, or north and 
south lodes, than they have been hitherto 
accustomed to bestow on them. The Herland 
mine, already mentioned, furnishes a case in • 
proof of the utility of a stricter examination of 
these lodes. When the principal cross course 
was discovered to be rich in silver, search 
was made in several others for this precious 
metal, and the result proved its existence in 
a neighbouring course, called, from its red- 
dish colour, the Rusty Cross Course. It would 
certainly be wise to subject the contents of 
every cross course which may be discovered 
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the avarice which had tempted nlankind io 
abandon the agricultural pursuits of their fore- 
fathers^ and penetrate into the bowels of th« 
earth in search of the noble metals. ^ 

But the most eloquent example of this phi<> 
losophical declamation>. is to be found in the 
works of Seneca. This writer is giving' an 
instance of the great depth and extent of the 
Thracian mines before the age of Philip^ 
which affords him an occasion to rejdice that 
in former times^ mankind were no less depraved 
than in his own.f ( 



♦ ** Imus in viscera ejus,*^ exclatims Pliny, *' et m sedc 
manium opes quserlmnS) tanquam pari^m benignU fertUiquCf 
quaqua secatpr.'^ Again^ '^ Mpas ad inane etolans reput6£ 
quae deinde futfira sit finis set;uli$ omnibui^ ethauriaidi 6am : 
quousque penetratiira ataritia." l. xxxiiu 

+ ^* Illi quoque majores nostri, qnos celebramus laudlbus^ 
quibus dissimiles querimar nos esse^ spe ducti, monies 
cseciderunt, et supra lucrum sub ruina Steterant» Ant^ 
Philippum Macedonera reges fuere, qui pecaniam in altissi- 
mis usque latebris seqticrentuf^ et relicto spiritu libero, ia 
illos se dimitterent specus, in quos nullum noctium diermnqu^ 
perveniret discrimen, et a tergo lucem relinqueret. Qua8 
tanta spes fuit? Quae tanta necessitas hominem ad sidera 
ercctum incurvavit, et defodit, et in fundum telluris intimae 
mersit, ut erueret aururo, non minore periculo quaerendunt^ 
quam possidendum ? Propter hoc Ctiniculos egitj et circa, 
proedam lutulentam incertamque raptayit, oblitus dierum, 
•blitus natures melioris k qua se ayertit. Nulli ergo mortuo 
terra tarn gravis est, quam istis supra quos avaritia urgens 
terrarum pondus injecit, quibus abstulit ccelum, quos in imo, 
ubi illud malum virus latitat, infodit. Illo descendere ausi 
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Some of my readers^ perhaps, will feefl in- 
clined to ask who this Stoical philosopher was; 
who pronounces a long and animated invectiyd 
against the pursuits of subteri'aneous wealthi 
He was the richest man in the Roman empire, 
and so far from practising what he here pro* 
fesses, was remarkable for the luxury and 
magnificence in which he lived ; and, in shorty 
for the value which he set upon all the good 
things of this world. Nor was Pliny, who was 
also a very wealthy man, more disposed to re- 
nounce the luxuries of life, or the means of 
acquiring them. 

Setting aside ihe above awkward circum^ 
stances in the private life of these eminent 
philosophers- whichj utidoubtedlyy have the 
effeet of diminishing our respect for their doc- 
trine ; let us figure to ourselves what would 
be their surprize and indignation, could they 
be permitted to view the audacious attempts 
that have been made in our days, to pursue 
the mineral daemon into' the most hidden re- 
cesses of the earth, and to make the elements 
of fire and water subservient to our avarice. 

And yet, unless we suppose them to belong' 
to the class of infallible philosophers, how 
much would their surprize be heightened and 

stint, iibi novam reram positidnetn, terraramq[ue pendentium 
habitus, ventosque per coecum inane experireniur^ et aquarumi 
in illis fluentium horridos fontes, et altam perpetuamque 
lioctetn. Deinde cum ista fecerint, inferos metuunt. Nat* 
V Qucest. L* r. cap; x\i 

i 
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their indignation lowered^ when they peseeived 
that all our mining operations were earned on 
by free men and not by slaves^ by voluntary, 
not by compulsatory labour. 

On a i^riew of the improvements which 
have taken place in our machinery within the 
last forty years^ I am inclined to think that 
the spirit of mining enterprize^ to which they 
have imparted so much animation, will sooa 
assume a character of still greater audacity. 
Perhaps when the veins are exhausted, which 
lie within the boundary of our sea-girt j>enin-; 
sula, we shall turn our attention to those 
which extend in thq same direction beneath 
the bed of the ocean ; nor> when we consider 
the increasing depth of our mines, can that 
period be very distant. Our submarine works 
will then form a new epoch in the history 
of mining, and by calling forth still greater 
exertions of skill and industry, demonstrate 
in a more striking manner, the powers of the 
lium^n intellect. 

The attempts that have been made to rea* 
lize this project, shew that it is by no mean^i 
a chimerical one* There are some coal-mines 
at Whitehaven which have long been extended 
under the sea» and there is an instance, I 
believe, of a lode at Huel Cock, near the 
Lands-end, which was for some time pursued 
in that direction^ until the ore having been 
worked out too greedily in the roof of the mine. 
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fears were entertained that the sea would break 
through and put an end to the operations. 

But by far the most remarkable enterprize 
of this kind^ was formed about thirty years agp^ 
by a .poor man of the parish of Breage. It 
was an attempt^ not literally indeed, but in 
effect, to sink a mine in the sea itself, and 
to carry on these operations^ surrounded by 
water. 

There is something so grand in the concep- 
tion of this undertaking, when the feeble means 
are considered, by which it was to be accom- 
plished, that I have long thought it entitled to 
a very honourable place in the annals of 
Cornish mining. I shall therefore communi- 
cate all the particulars of this singular mine> 
which were collected by me when it was still 
openan the year 1791^ and that th^ narrative 
may not want a classical interest, I shall prefix 
to it some account of whatever has been at- 
tempted in this way by the Greeks and Ro-« 
mans. 

I find only two examples in ancient history 
(and they are not very, obvious to notice) of 
mines wrought in or under the bottom of the 
sea. One of these is mentioned by Pausanias> 
who, speaking of the temple at Delphi, ob- 
serves, ^^ Near the votive offering of the Ta- 
rentines, is the treasury of the Siphnians. It 
was built upon the following occasion^^ Their 
isle produced miaes of gold. Apollo com^ 
manded them to dedicate a tenth part of their 

i2 
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produce to the temple at Delphi. They built 
a treasury aad remitted a tenth ; but when 
through avarice they had ceased to do this« 
the inundations of the sea destroyed the mines 
and caused them to disappear."* 

There is nothing in this story which. may 
not be accounted for by natin-al causes. The 
mines were at first very productive : they were 
wrought, by degrees to a greater depth and 
with less profit : at lengthy when the Siphnians 
were tempted to pursue the veins even under 
the sea^ that might very naturally happen, 
which is here related ; the sea broke through 
the weak partition, and wholly put an end to 
the operations of the miners.f ^ 

Tournefort, who visited the island of Siphnos, 



* PhoSIC, SiVE LlB. X5 CA!». xl. 

+ Suidas relates the same story, v. ttpioi. We are in.* 
formed by Herodotus, that Siphnos abounded in mines of 
gold and silver to such a degree, that from a tenth of the 
retenne which was derived from them, the Siphnians offered 
a treasure at Delphi tlutt might be compared with the richest 
in the temple there, l. hi. cap. lvii. The period in which 
the mines of Siphnos were in this floLrrisliing state was, ac- 
cording to the Chronology of Larch'er, about 525 years 
A. C. but they must have beeti on the decline not long after^ 
wards, for the Siph^iaus sent only one vessel of fifty oars to 
the battle of Salamis ; and in the time of Demosthenes they 
were become fuUy as insignificant as the inhabitants of any 
of the Cyclades, vide Demo9th« Ut^t tvvTu^ius quoted by 
Larchcr. Strabo does not even notice the former existence 
of these mines, so Completely were they forgotten in the 
time of Augustus, 
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ia the year 1700, says, '' that the ore of lead 
abounds there, but as for the mines ^ of gold 
and silver, the inhabitants scarcely knew \rhere 
they were. In order to shew us, however, 
what were principally considered as such, they 
conducted us to the sea shore, near a ruined 
chapel, called Aios Sosti, where we saw the 
entrance of the mine only, not being able to 
proceed farther on account of the darkness^ 
and the difficulty of access." 

The same views led me to visit the island of 
Siphnos in the year 1787, but the natives, who 
were justly apprehensive, of the consequetices 
of exciting the financial avarice of the Porte, 
contrived to oppose so many difficulties to ray 
researcjie^, as obliged me to relinquish the 
8,ttempt. 

A second instance of a submarine mine is 
jnentioned (although indirectly, as well as the 
preceding), in those extracts from the works 
of Aristotle, which are known under the title of 

The same circumstance is repeated by ano- 
ther coUeotor of the wonders of Nature, Anti- 



^vin o^yviais ms ^oXoco^f . Here the x*^^' *»^^ ^'^ ** gene- 
rally understood to mean copper which is coUected by diving. 

The x«^^y xoKviAfinrfis reminds ns of the expressions sea- 
coal) stream-tin^ bay-salt. 
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gonus CarysHus^ who^ however^ substitutes 
Delus for Demoneaus; a mistake which pro* 
bably arose from the celebrity of Delus for its 
works in brass. '^ Antiquissima aeris gloria. 
Deliaco fuit." Pun. l. 34. Both these com- 
pilations give us Ka^x^hfvtwy which^ according to 
the opinion of some eminent critics,* ought to 
be XfAxfUtmony the Chalcedonians on the Bos^^ 
phorus.f 

Bui all doubt is removed by the discovery 
of the vestiges of these mines on a small island 
near the shore of Chalcedon, which still retains 
the name of Kalki. Gyllius mentions it in his 
work de Bosporo Tbracio. J 

* Salmasius ad Solinf p. 137. Bochart Can. I. 96. HoU 
ptenius de Pinedo, and Berkelius ad Stephanum, and others. 
Vide Sechmann'ft edition of the two works, 

+ Hesyobius is more correct and explicit on thi3 subject 

X (< Veniin.mt clasitt» perspiciatur Demoneaqs eadem 
insula esse, quse [Chalcitis, ut nunc sunt, ostendam vestigia 
metallorum et situm insulae, quas tribus verticibus sen collibus 
i^ibuBescit; iumm Tergil ad AquUonem, alt^r ad occassm, 
ttrtivt ad orieatftn. Insular latus mendiaauQi est prseceps Bt, 
aibruptum ia rupei^ exeepto sinu^ adrntttente reccsium ma«i9 
portuosum, qiaaqooYecsua patentem pa«l» pli» sta^o, tutun^ 
nb omi^i Tento, ei(ci|Ho< Austrum, Circa buae siiHim existuol 
liggeres scrobimn, pleiti ruderibufl ccemleis, rejectis ex eifos^ 
$ione SBrifl et chrysocolht, et aerulei, atque inter ipsa rudrra 
pollegi Qjumii^n ^ceruleumet^bsplutampbr^socolUmt Quodsi 
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In the year 17Mr i had an opportunity of 
visiting this small island, which, although 
hilly^ is no where more than twenty fathoms, 
above the level of the sea. I found in the 
situation here described, prodigious heaps of 
mining rubbish, in every part of which the 
green and blue oxydes of copper were ob- 
servable. From the magnitude of these heap^, 
compared with the little elevation of the ground 
above the sea, it was evident that the greater 
part of the mining operations must have been 
carried on below the sea level, and as >the 
rubbish lay close to the shore, it may fairly be 
presumed that the works were extended under 
the sea. As for the popular notion of the cop- 
per having been obtained by diving, that may 
have arisen from the actual discovery of some 
native copper towards the sur&ce of the veins • 
below water, a circumstance, which, in Corn- 
wall, would not be thought extraordinary.* 

« 

Tadum maris ibi effoderettur^ sine dabitaiione inveniretur 
auram. iliiid ab Aristotele . laudatuiii* Aggeres scrobium 
sunt in radicibus vallis supra sinum jam dictum emhienti^ 
et secantis insulam a man meridiano ad mare septem* 
. trionale.'' 

I suspect that Gyllius has been led into this mistake 
by Stepfaanus Byzantinus, who renders the expression of 
Aristotle li xftAAir?! vfc^s y(ff/^m w^taiut rtpiitf pnestantissima 
chrysocoUa auro contra yenditur by xs^'^* wu^taxilai riyiAvt* 

* These mines had ceased to be worked in the time of 
Fiinj, who, describing the different sorts of Smaragdus (our 
emerald) obsenr^, ^^ Carchedonli (€halcedoDii) nes«io an 
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Such are the obscure and imperfect notioeSj, 
which^ I have been able to discover, of subr 
marine mining in ancient times, and the in^ 
stances are few, because mines are generally 
situated at a distance from the sea. I shall 
now proceed to give some account of the sub-^ 
marine mine near Penzance^ which, about 
twenty years ago, so much attracted the public 
littantion, and to which the name of Wherry 
Mine was given. 

The first attempts to wprlf this singular mine 
are said to have been made towards the begin- 
ning of the last century, when many small veins 
of tin being observed to cross a rocky shoal, 
which is exposed to view at Iqw water ; some 
persons were induced to make it an object of 
mining adventure. ' How long they persevered 
in this difficult enterprize, and wh£|.t were the 
mechanical aids pf which they availed them- 
selves, is not known; but the works, after 
being sunk to the depth of a very few fathoms 
}n the rocl^, were finally abandoned. 

Abqut the year 1778, a poor miner of the 
parish of Breage^ whose name was Thomas 
Curtis, had the boldness to renew the attempt. 
But before I proceed to speak of his plan of 
operations, and the success which attended 
jthem, it wil| be ^ec<3ssary to ^ive my readers 

ft • • ' 

}n totum exoleverint, postquam metaKa ceris ibi defecerintj 
pt semper viles fuere minimique." Theophratus speaks qf 
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some ideq. of the natural obstacles wfaicfa h^ 
lencount^ed. 

The distance of the shoal from the neishr 
honvlng beach at high water^ is about 120 
fathoms^ and this^ in consequeni^e of the shal* 
lowness of the be^ii^h^ is nott materially lessened 
at low water. It is calculated that the surface 
of the rock is covered about ten months in 
twelve^ and that the depth of water on it at 
spring tides is nineteen feet. The prevailing 
winds occasion ^ veiy great su^f here even ia 
summer^ but in winter the sea burets over the 
rock in such a manner^ as to render all at* 
tempts to carry on mining operations unavailr 
ing. 

Such WGjre the difficulties which a poor in^r 
dividual had to savmount^ whose whole capital 
perhaps was not ten pounds. As the work 
icould be prosecuted only during tlje short 
period of time wh«n the rock appeared above 
water^ (a period which was still farther abridged 
by the necessity of previously emptying the 
excav£|,tion)^ three smnmers were consumed iit 
sinking the pump shq.ft^ a work of mere bodily 
labour. T^e usp of machinery then became 
practicable, and a frame of boards being up- 
plied to the mouth of the shafts it was cemented 
to the rock by pitch and oakum, made water 
tight in the same way, and carried up to ^ 
3ufficipnt height above the highest spring tide. 
To support this boarded turret^ which wa|i 
twenty feet high above the rock, and t\Y0 feet 
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tme inch square^ agaitisi Cfae violence of the 
mttge, eight stout bars of iron ivere appBed in 
an imdmed direction to the sides^ four of them 
Wow^ and four of an extraordinary len^^ and 
fhfekitessr above. A platform of boards was 
tiben lashed round the tc^ of the turret^ sup- 
ported by four poles^, which were firmly con- 
irecf ed with these rods. Lastly^ upon thi» 
platform was fixed a wins for four men. 

It was thought that the miners would tbus^ 
be enabled to pursue their operations at alt 
limes^ even during the winter months^ when- 
ever the weather was not particularly un- 
&vourabIe ; but as sooh as the excavation was 
carried to some extent in a lateral directiofi> 
this was found to be impossible^ for the sea* 
water penetrated through the fissures of the 
rock, and in proportion as the workings became 
enlarged^ the labour of raising it to the mouth 
of the shaft increased. . Their predecessors^ 
ai» well as themselves, had carried on their 
excavations too near the surface,, which not 
only made the rock more permeable, but less 
able to resist the immense pressure of water at 
high tide^ so that it became necessary to sup- 
port it with large timbers. To add to tihds 
disappointment, it was found impossible to 
prevent the water from forcing its way through 
the shaft during the winter months, or^ on ac- 
count of the swell and surf, to remove the tin 
Mone from the rock to the beach opposite. 

TJie whole winter, therefore, was a period of 
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inaction^ and it was not before April that the 
regular working of the mine could be resumed. 
Nevertheless, the short interval which was still 
allowed- for labour below ground^ sufficed most 
richly to reward the bold and persevering pro- 
jector^ and to give his mine the reputation of a 
very profitable adventure. 

Whether he ever felt a conviction of the 
possibility of removing so many natural ob- 
stacles to his complete success, I know not, 
although there is reason to suppose that he 
did ; for when I asked his opinion of the scheme 
of erecting a light-house on the tremendous 
Wolf-rpck, he professed his belief hi its prac- 
ticability, but suggested as far preferable, the 
blowing up of the entire rock, which he rea* 
dily engaged to do for a proper remuneration* 

The following was the state of Huel Wherry 
in the autumn of 1791 : 

Dearth of the pump, shaft, and of the work- 
ings four fathoms two feet. 

Breaddk of the workings, eighteen feet« 

The roof was worked away in some places to 
the tlttekness of three feet 

Twelve men were employed for two hours at 
the wins in hauling the water, while six men 
were teaming from the bottoms into the sump. 
The mai worked on the rock six hours after- 
wards : in all,' eight hours. 

Thirty sacks of tin-^stone were broken on aa 
average every tide ; and ten men, in the space 
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of SIX months, working about one- tenth of that 
time, broke about £600 worth. 

There is something very remarkable in the 
natural history of this mine. The workings 
were confined to a course or channel of elvan, 
about eighteen feet in breadth, which runs 
N.W. and S. E. and underlies one fodt and a 
half in a fathom to the S, W. It is discoverable 
on the beach at half tide. 

Besides the small veins of tin which ran 
through this rock, its whole mass was imjM^eg- 
nated with tin to such a degree, as to be worth 
the expense of raising; fifteen feet of the 
eighteen, which composed the breadth of the 
elvan, producing 1600 of " white tin'* in 1000 
sacks, and another foot ai^ much as one cwt. of 
" white tin" in every sack. 

On a close inspection of tlie mass in which 
the tin is thus abundantly dispersed, the grains 
appear of a crystalline transparency, and so 
equal in size, and regularly distributed, as to 
form, as it were, one of the constitu^it parts of 
the porphyry. The term stannified granite, 
which has been applied to it, is not, therefore, 
improper. It is said to have been the first tin- 
stone that was ever burnt in Cornwall before it 
was sent to the stamping-mill, a common lime- 
kiln having been erected for that purpose, 
which was found to answer completely. The 
object of this operation was to render the tex- 
ture of the stone more friable. 
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In September, 1792, a friend (Mr. D. Gil- 
bert) wrote to me as follows :— *^ The course 
of stanniferous porphyry, near Penzance, (the 
Wherry) promises to make a very great mine. 
There are indications of the tin being con- 
tinued to a great extent in both directions, and 
the bottoms are growing longer^ and remain 
rich. A house near the green, built with frag- 
ments of this stone, which were, probably, 
picked up on the shore, or broken from the top 
of the rock, is, I hear, to be puUed down and 
rebuilt with otRer stone, for the sake of its tia- 
An adventurer told me that three thousand 
pounds worth of tin has been raised from this 
extraordinary mine in the course of the present 
summer.*' 

In a sul)sequent letter, the same friend in- 
formed me — ^^ A steam engine is erecting on 
the green opposite, and they are constructing 
a wooden bridge from thence to the rock, to 
serve as a communication, till the engine shaft 
has been sunk sufficiently deep, and a drift 
worked out to the mine, as a stage for sup- 
porting the sliding, or rather hanging rods/' 
See plate I. 

The bridge, thus constructed, answered also 
the purpose of conveying the ore and deads to. 
the shore. In this manner the mine was con- 
ducted, and ore to the amount of seventy, 
thousand pounds was raised from it. Nor in- 
deed were its treasures exhausted at itjj close. 
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ivhidi was as romantic as its commencement* 
An American vessel broke from its anchorage 
in Gwavas Lake^ and striking against the 
stage, demolished the machinery, and thus put 
an end to an adventure, .which, bpth in inge- 
nuity and success, was probably never equalled 
m any country. 
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X HEi^abjeet which I have in view, io tbefol^ 
lowing communication, is to point out to i]ie 
notice of geologists, a €ase of ratber unusu^ 
occurrence in the natuml history of our imne- 
ral veins, the explanation of which will shejy the 
practical importanpe of these enquiries. 

I shall, therefo;^^ confine myself to the state^ 
ment of such phenomena as were either ob« 
^erv^ by myself, or were communicated to 
me iu 1791, by the very intelligent director of 
the mine, Captiun Phillips ; in the hope that 
others, who may have the means of doing it, will 
supply that information which is here deficient; 
for it is probable that, ais the mine' continue 
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open some years after I visited it, the further' 
extension of the works Under ground may hay^ 
enabled the miners to ascertain many facts^ 
which were at that time undetermined, and to 
make other important discoveries. 

And here 1 must express the regret which I 
feel, in common with so many others,- that no 
records are preserved of all those liatural phae- 
nomena which occur to the notice of our miners 
in the progress of their operations. I regret it 
not only on account of the loss which* the 
science of geology sustains by its omission, 
but because I believe it has xnaferially affected 
the stability of our whole mining system; for, 
if it be true, that old mines are often re-opened, 
in reliance on some vague traditional reports; 
of their former productiveness, which general- 
ly prove fallacious ; how desirable it would be 
to prevent all this waste of capital, and to re- 
serve it for less hazardous speculations ! There 
is, moreover, a great analogy between the 
phaenomena of lodes in the same district, which 
serves-to guide the miner irt any new adven- 
ture ; but how can he fully avail himself of 
this advantage without having recourse to some 
better auftority ? If we considei" ft in another 
point of view, the los^ which science sustains 
by this oitrission,wiU appear to be incalculable ; 
for the progress of our mining operations is of 
necessity so slow, that ages scarcely suffice to 
develope all the drcumstance^ which charac- 
terize the mineral veiris of a particular district. 
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and if these circumstances be not committed to 
writing as they occur^ how seldom can they be 
accurately reported, and how often must they 
be wholly forgotten. 

The importance therefore of recording these 
observations, must be admitted ; and what a 
length of time is requisite in most instances to 
complete them, will be evident from the fol- 
lowing account of Polgooth, whi \> although 
one of the oldest mines of the county, was not 
sufficiently explored in the year 1791 3 to enable 
me, or even the director of the mine, to decide 
upon some points of the greatest interest. 

A few words, perhaps, may be necessary in 
this place, to justify the use which I have 
adopted of our provincial terms. I must ob- 
serve then, that every mining country has 
a technical language of its own, which is more 
or less expressive, and for which it would be 
difficult to find an equivalent in the received 
idioms. The question then is^ simply this — ^ 
shall we retain the use of this language, or at- 
tempt to explain ourselves, and at the best very 
imperfectly, in a language which is more gene- 
rally understood ? The patriotic views which 
were proposed by the institution of this Society^ 
must, in my opinion,* decide us to adopt the 
former o£ these alternatives ; nor can there be 
a doubt, should a more general diffusion of 
mining ideas render it expedient, that these 
terms would soon cease to be provincial. 

It is well known that Polgooth has bean on^ 



\ 



I4(> John Hai^ki^s, E«i<(. m 

of the most productive .mines in the coiinty, 
ftnd it will appear from what foUows^ to be no 
less interesting- inn seifentific point of view. 

The country (to use the language of our 
miners) is composed of killa^ ; the beds of 
which di*p in an aiigle of about 20** to the W. 
S. W. 

The principal lode here, which has been sd 
productive of tin at different periods in the 
course of the last century, runs'E. and W. by the 
compass, and has been traced to a very great e3P- 
tent in that direction. (See plate V.) 

Its general underlie is to the north ; the only 
exception to this being in a small space of 
ground west of the old engine, where, at thfc 
idepth of ten fathoms from the surfece, the lode 
underlies a little to the south, for the space of 
several fethoms in length, and a few in depth : 
the cause of which is attributed to some hard 
ground in the northern wall of the lode. 

^Vlth reelect to the degtfee of its underlie, as 
the lode is composed almost wholly of small 
veins which drop in, as it were, on both sides^ 
the leader itself behig so small that it frequent- 
ly disappears, there is scarcely a possibility 
of ascertaining it with any degree of preci- 
sion. It ni^ay be assuined, however, in a ge- 
neral way, at six inches in a fathom, and it 
amounts to twelve inches at the place where it 
meets the New Glands lode. 

Its breadth upon the whole, is very incon- 
sidemble, contracting frequently to six inches 
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iSLoA seldom exceeding twelv^^ but there is a 
spot near the Old Glands shaft and Burn's^ 
where the ibde is so much enlarged by the 
nuaaerous branches that fall into it^ as to 
amount to from ten t6 fourteen feet. It has 
been observedj that some of these branchesi 
strike out again in the space of a few fathoms>, 
^ but others continue incorporated with the lode 
to a much greater extent. They are not in- 
aptly called/eei2er8^ for they seldom &il to make 
good .bunches of tin at the point of their coin* 
cideiice» 

The lode^ or to speak with more precision^ 
its leader^ contains much spar (quartz) which 
here and there encloses tin, accompanied by. 
peach (chlorite ) ; but almost all the tin ia. 
found either composing the small fissures 
wfaic)» run through the killas on the sides of 
the lode^ or immediately in contact with the 
wall of the lode : in each case there is'' an 
abundant intermixture of peach, and often a 
small portion of yellow mundic. Even^ the 
killas itself is sometimes impregnated with tin 
on the sides of the fissures. It is the breadth 
of these fissures collectively, added to that of 
the spar leader, w^hich is usually called here 
the bigness of the lode ; although that term is 
sometimes 'confined to the single vein of ore 
which runs through the caple. 

This lode, which, for the sake of distinctjoUj 
is called Polgooth lode, intersects several 
oih^r», which run in a north-west and south- 
it 2 
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eastern direction, and have been very produc- 
tive of tin. 

The opposite parts of one of these inter- 
sected lodes, in consequence of a circumstance 
which once occasioned some doubt of their 
identity, have obtained two different names, 
the northern being called Polyer, the southern 
Screeds. 

The direction of this intersected lode is^ 
N.N.W. and S.S.E. by the compass, and its 
underlie is east nearly four feet in a fathom. 

The average breadth of Polyer is between 
six and seven feet, that of Screeds is from three 
feet and a half to four feet, and its substance, 
which is in general very solid, is composed of 
spar and peach. It is remarkable that some 
horses ofkillas, which are three or four fathoms 
in depth, and two or three feet in breadth, are 
found inclosed in this lode. 

Screeds, or the southern division, h^ been 
heaved by Polgooth lode about fifteen feet to 
the rightj or on the side of the greater angle, 
and, together with it, a lode of considerable 
size, which diverges froip that point about 
twenty- two degrees to the eastward. 

This lode is called St. Martyn's, and its car* 
responding portion is said to have been once 
explored at a spot called Phillis's Old Chear 
Shaft, where it is said to have exhibited such 
symptoms of poverty as to have discouraged 
all farther attempts to pursue it. Tl^ere is, 
however, a general belief, or rather prejudice. 
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among the miners here, of its being incorpo- 
rated with Polyer, although the difference in 
the direction of these two lodes warrants a con- 
trary inference. 

The direction of St. Martyn's is nearly N.W. 
and S.E. by the compass. It underlies nearly 
six feet in a fathom to the N.E. and its general 
breadth is about four feet, although in some 
{^aces it amounts to twelve. 

The contents of this lode are chiefly spar/ 
mixed in some situations with tin and peach. 

It has been observed in respect to Screeds 
and St. Martyn's lodes, that this tin is always 
found in the hard substance of the lode, and not 
in the adjoining killas. 

Polgooth lode intersects another, the south** 
ern portion of which is called New Glands. 

The direction of this lode is N.W, by N. : 
its underlie is one foot and a half in a fathom 
to the north, and its breadth is generally one 
foot and a half. 

The northern portion of New Glands, which 
has likewise a different name from its corres- 
ponding half, has been tried principally at very 
shallow levels ; where, in consequence, as it is 
supposed, of some very hard ground* which 
composes the northern wall of Polgooth lode, 
it is split into small branches, which are in 
some places almost imperceptible. At the 
depth, however, of ninety-six fathoms, it ex- 
hibits its usual character. It is generally sup- 
posed to be heaved, like the preceding, by 
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Polgooth lode. On the other hand, there is d 
cross course near Burn's shaft, running north 
aod south, and underlying about one foot and 
a half in a fathom to the west> which heaves 
Polgooth lode itself about one foot to the left^ 
This course is said to be about ten inches in 
breadth, and it is composed of cc^per ore and 
inundic, 

Southwaixl of the New Glands is another 
lode, called Yanvean, which is distant in one 
spot as much as ninety fathoms from Polgooth 
)ode, and points one degree of the compass 
^oMrardB it westward. The true direction,, 
therefore, of Vanvean, is west by north by the 
pompass. Its underlie is nearly the same as 
that of New Glands. Its general bigness may 
be estimated at one foot^ and it is composed of 
9par and peach. 

Both New Glands and Yanvean intersex^t an4 
heave Screeds and St. Martyn's lodes. 

At the distance of sixty fathoms farther to 
the south, and of one hundred and fifty fathoms 
from Polgooth lode, occurs a large course or 
quarry of elvan, which .points with a still 
greater degree of inclination towards Polgooth 
|ode as it proceeds westward. 

This porphyritic dyke, as it may be called, 
which is known here simply by the name of 
elvan, has a very considerable underlie to the 
north- (six feet in a fathom) and falls into Yan- 
vean lode at the forty-eighth &thom level, in- 
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tersecting it horizontally after the .manner of ^ 
pilide^ and occasioning a start. 

Elvan has been traced to the depth of 
§^Yenty-six fatlioras ynder the adit, and it has 
a regular breadth of seven fathoms. In its 
progress eastward, it cuts sharply through 
Screeds lode, and heaves it fifteen feet o\x the 
side of the smaller an^le. 

If we follow the elvap still farther in the sa^np 
direction, w^e shall con<e to the point of its 
intersection with S\. Martyu's, where some phae- 
nomena occur, to which I must particularly 
direct the reader's attention. Th^s point is at 
the distance of 380 fathon^s from the spot, 
where Screeds and St. Martyn's are each inter- 
isected by Polgopth lod^* 

Here then at thp forty-five fathoms level, bot^ 
the Elvan and St. Martyn's lode are intersected 
by an upright flookan, which runs nearly in an 
angle of 30° to the direction of the former. 
The consequence of this has been a very con- 
5id6)*^hle and complex heave on the left, or on 
the side of the smaller angle. 

A plan of this remarkable heave, and of the 
relative situations of the separated lodes, which 
was communicated to me by one of the di- 
rectors of the mine, is here inserted in the 
general drawing of the lodes. The distance 
from A to B is sixteen fothoms, and B is supposed 
to be the corresponding . part of St. Martyn's 
lode. It is plain, however, that this cannot be 
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the case^ because^ although we have innumer- 
able instances of lodes being intersected and 
heaved, there is not one of their being shifted^ 
i. e. misplaced, ^.s to the order of their succes- 
sion, iu'the manner here supposed. For whcr 
ther A had previously cut through F, or was 
itself intersected, its corresponding part would 
be found on the right of theElvan, not on the 
left of it. In the former case it would be bel ween 
C .and D, in the latter at O- But the reasons for 
believing it to be at D, are, I think, conclusive, 
a,nd they are as follow. We see that Screeds 
and St. Martyn's lodes are both intersected by 
New Glands and Vanvean, and again that Van- 
yean itself is intersected in its underlie by the' j 
elvan. The elvan, therefore, is of more recent 
formation than either of the four lodes here 
mentioned, and, accordingly, we see it passing 
through Screeds, and without doubt it would 
be seen to pass in the same manner through 
St. Martyn's, were it not for the interruption 
which it subsequently experienced froniv the 
flookan. Again, as the heave of Screeds lode 
was to the left, we must conclude that that 
of St. Marty n's lode was in the same direction, 
and consequently niust look for its correspond- 
ing ppirt at P, where, perhaps, it has by this j 
time been discovered. 

As for B, which, from the circumstance of 
|ts running in the same direction as St. Martyn's 
iod^j has been mi^ken for D ; its correspond- 
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ing lode will be found on the north wall of 
the flookan^ at the same distance from A east- 
ward as it lies from E eastward. Lastly, the 
southern continuation of B is C. The con^ 
tiauation of Screeds in like manner must be 
looked for at G. 
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XV. — Remarks on the Salt Mines of Wielilska 
in Poland, and of Salzburg in Germany. 

Bt JOHN HENRY VIVIAN, Esq. M.G.S.L. 

MEMBER OF THE SOCIETY. 

Conmsoicftted in a letter to Johx Ayrton Paris^ M.D. &c. 



AN my last communication I gave you some 
account of the arsenic and cobalt works of 
Saxony and Bohemia ; I now send you an ex- 
tract from my journal^ containing remarks on 
the celebrated salt mines of Wielitska in 
Poland^ which I visited in the summer of 1815, 
and also on those of Salzburg^ which I had 
seen in the preceding fall^ in passing from 
Vienna into Italy, through the Tyrol. 

On Friday, the 30th of June, I called upon 
Mr. De Lill^, the director of the Wielitska 
mines, by appointment, having been favoured 
with a letter of introduction to him by Mr. 
De Draverujak, the President of the Board of 
Mines at Schemnitz, in Upper Hungary. 1 
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was receired with the g^reastest civility, and 
his son was so obliging as to accompany me ia 
my UDder*ground excursion. 

Salt mines are a sights in the description 
of which^ travellers are generally found to 
indulge their iancies. I have not myself met 
Ifrith any account of those of Wielitska, but 
I understand that some flowery descriptions of 
them have been published^ and I must admits 
there are few cases in which they would be 
inore excusable. 

These mines are situated at the foot of the 

Carpathian mountains^ on the north side^ and 

about eight miles from the city of Cracow. It 

^ is proved, from authentic documents, that they 

have been worked upwards of 600 years. 

The mouth of the principal sfiaft is in the 
town of Wielitska, and the workings extend 
on all sides of it^ in lengtl\ about 800 fathoms^ 
and in width about 400 fathoms ; the greatest 
depth is 120 fathoms. 

Hie descent into these mines is extremely 
commodious. For the first thirty fathoms it is 
by a spacious stair-case carried down the sides 
of a shaft, at the bottom of which is an object 
that attracts general attention, and is really 
worthy of ad^niration. It is a spacious chapel, 
with an altar, and figures of Monks performing 
inass^ with divers other figures in the attitude 
of prayer^ and monuments, crucifixes, pillars^ 
4&C. against its sides, all hewn out of the soli4 
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galt> and of such antiquity that no tradition re-- 
cords when it was executed. 

I was particularly astonished by the uncom- 
mon dryness and hardness that prevailed, and 
this I found generally the case throughput the 
mine. From the chapel the descent is mostly 
by steps hewn out of the salt, or accompanying 
rock. The levels are on a magnificent scale, 
perfectly straight and regular ; eight or nine 
feet in height, and nearly as many in width. 
The blocks and barrels of salt lying about and 
piled away in them, give than the appearance 
of store-cellars. 

On reaching the bottom of the mine, another 
object pointed out to travellers as being worthy 
of observation, is the lake,B, considerable basin 
of water witK a large excavation over it ; the 
siaU bed having been very steep in that part: 
A boat is kept on this water for the purpose of 
traversing it. 

On the occasion of the visit of the Emperor 
of Russia, when on his way to the Congress in 
1814, the mine was illuminated, and in this 
part there .was music and fire- works ; the effect 
of the whole, from the accounts, must have been 
very magnificent 

Some of the excavations in the uppe/ salt 
bed are several fathoms square, and are cer- 
tainly very striking objects; and the miner 
will not fail to be attracted by their method 
of supporting the ground by means of immense 
solid trees, piled horizontally in cross layers. 
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but this practice is now, in a ^eat measure, 
done away, by leaving wherever they conve- 
niently can, arches of salt, which are not af- - 
fected by the weather, as the accompanying 
marl is. 

The salt is of the description called rock 
salt. It occurs in beds which run east and 
west, and in general dip to the southward. 
In this; however, they vary, being much dis- 
ordered. 

They distinguish three beds, having each 
their peculiar character, and varying in the 
quality of their salt. 
These beds are known by the names of 
The GrUnsalz bed ; 
The Spyzasalz bed ; and 
. The Szybickersalz bed. 

The Upper or Greensalt bed, is so much 
broken and disordered as to form a sort of 
stockwerk, the parts being separated from each 
other. The general form of its parts is nearly 
• round, that is, of equal dimensions ; some of 
them are many fathoms in diameter, and pre- 
sent considerable excavations. I observed, on 
an inspection of the plans at the mine, that all 
these parts have nearly the same inclination. 
These separated pieces, lying above and by 
the side of each other, are first found at the 
depth of twenty or twenty-five fathoms under 
the surface, aiid descend to that of about sixty 
or sixty-five. 

The quautity of salt obtained from this bed 
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has been immerisej as tiie excavations on it 
fully testify. It \% however^ not pure in qua* 
lity^ being mudb intermixed with earthy imut'* 
ter. If the earths with wliich it is niix6d are 
not very perceptible, no notice is taken of thenii 
but the whole- is broken and sold ^togethei* ; 
if, on the other hand, the mass is very foul, it 
is left under-ground. It takes its name of 
griifl$alz or green salt> from its being of j| 
greenish colour. 

The middle or s^j/sasaZio bed, is less disorder- 
ed than the griinsalz ; its |»arts are much fit!'* 
ter, and not so considerable in depth in propor* 
tioti to their other dimensions. The thicknesi? 
may be about five or six fathoms. The salt 
from it is of a greyish colour ; it is of a finer 
grain, and much more pure than \hQ green salt 

'The lower or szybickersalz bed, has con- 
siderable undulations, but is not broken. II 
is composed of two or three separate layensf, 
which may be three or four fathoms in thicks 
ness. Its salt is for the most part perfectly 
clear and pure ; some blue gypsum occasion*^ 
ally breaks with it. 

The strata above these salt beds are chiefly 
clay or loam, with a thin bed of sand : thi? 
mass between them is a marl, varying in colour 
and hardness. In this shells sometimes occur; 
and near the lower bed some beautiful clear 
crystals of salt, from one to four inches square/ 
are occasionally found* 
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The mode of working these beds^ is as fol^ 
lows: — The green salt bed is so mudi dis- 
drdered; that loTels are driven in different 
^irections^ for tjhe discovery of its parts or frag- 
ments. These levels are very spacious^ and 
are ilriven with great regularity. I remarked 
a singular mode of carrying them through the 
M^t body where it occurred. The centre of 
the fone-breast was left stiwding, and a groove, 
^perhaps two feet in depth, was made rcNind 
it with the pick. Thus freed on all sides, a 
lai^e hole was bored in the centre, and the 
whole was thrown down at one blast. Usq 
blocks of salt prepared for sale, are obtained 
by making perpendicular cuts in the body of sdit 
with the pick, as high as the bed will admit o^ 
or as may be convenient for the miners to work; 
these cuts are then intersected by others car- 
ried horizontally, and the square pieces into 
which the pillars are thus divided, are detached 
by cutting a little at the back with the pick 
and then driving . in wedges. They are then 
hewn into tlie form required. 

Two sizes of these blocks were pointed &vA 
to me, the one or the other was obtained as th^ 
purity of the ssdt body would admit of. 

The largest, called balvanen, are said to 
weigh four or five cwt. each, and are of a 
long cylindrical form, for the convenience df 
transport. 

The others, called ^ramzfs^eme, are long four 
s^ed pieces, weighing from 90 to 100 lbb\ each. 
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These blocks are exported without cas^s^ 
and are so solid as not to be affected by thcf 
weather. The small that falls in cutting and 
dressing them is packed in casks^ but the 
blocks are preferred by merchants^ as the casks 
are liable to be opened and pilfered by the 
carriers. 

The salt blocks and casks are drawn through 
the under-ground levels or galleries^ by horses, 
of which I was told there were about thirty in 
the mine. 

From the depth of thirty fathoms they are 
raised to the surface through a perpendicular 
shaft, by a singular old whim, worked by six 
horses. It consists of a large horizontal wheel 
^ith two rows of teeth, which work an upright 
one attached to the cage. 

The blocks are slung in cords ; the weight 
raised at a time was said to be from 2$ to 30 
cwt. 

There is only one footway into the mine, 
having a grating and small building over it. 
The men are strictly searched on leaving it. 
They all work by the job, and receive a part of 
their earnings in com. 

The water of the mine is drawn to the sur- 
face in sacks made of hides. It is so fully sa-^ 
turated with salt, that it deposits crystals as it 
flows through the landers in the mine. Staiac*' 
titical masses are also formed, from its drop- 
pings. The crystals are perfect cubes; T ob- 
served them in several places prettily groupedv 
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Such is the apparently inexhaustible store of 
the rock salt^ that the mine water, which is by 
no means inconsiderable in quantity^ is allowed 
to run to waste at tiie surface. 

A handsome evaporating house was built 
during the time that these mines belonged to 
the Saxon and Austrian governments jointly^ 
and fitted up with pans and every thing neces*- 
sary ; but it was soon found that the salt ob- 
tained by this process was much dealer, owing 
to the cost of the fuel required^ than the rock 
salt from the mine : and as there was no scarcity 
of the latter to be apprehended for some cen- 
turies^ the plan was abandoned^ and the build- 
ing is useless. Should they ever be obliged to 
resort to the process of evaporation^ it is not 
likely that there will be any deficiency of satu*- 
rated water^ as from the quantity of impure 
salt from the green salt bed that is left under- 
ground^ it may easily be produced by convey- 
ing firesh water into the mine. 

These mines belong to the Emperor of 
Austria; they are situated in the province of 
West Oallicia^ which fell to his lot at the par- 
tition of Poland at the peace of 1809^ after the 
battles of Aspem and Wagram. Part of West 
Gallicia was taken from Austria^ and annexed 
to the Duchy of Warsaw, which belonged to 
the King of Saxony. The mines, from that 
time tiU the peace of Paris, belonged jointly to 
the twiagovemments, and a Saxon Commissary 
raided at Wielitska. 
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The Wielitska mines, 1 was toM/ptodhce 
at present about m2&>000 tons of salt aniMralLy, 
bot that double tifits quantity migbt be raised 
if it could be disposed of. It was observied, 
Uiat by attempting to keep the price too hiigh, 
their ssAes had of late been much curtailed, as 
^e Liverpool salt had found its way to Warsaw 
and the north of Poland. A contract, I was 
informed, had just been, entered into with the 
Emperor of Russia for the supply of his new 
kingdom with 25,000 tons a year for five years, 
at eleven Polish florins per cwt., which is about 
ef^ual to ,£6 per ton. 

There are likewise salt mines at Bodiinia, 
aboilit fifteen miles from Wielitska, but they 
^re not so productive as the latter ; the beds are 
much steeper, aud not so thick. 

The salt is sent to Cracow, and from tlience 
down the Vistula. 

In Mr. de Lill's collection, I remarked some 
specimens of native sulphur from a bed 'near 
Cracow. 



, On the Salt Mines of Salzburg. 

On the 26th of November, 1814, I visited, 
in company- with a friend, the salt mines of 
llaSleiti, distant about eight miles from the town 
of Salzburg, and the - principal of the^dfetpict. 
IF^rom the town of Hallein we ascendMia. stee^ 
mount|tin over >a commodious poad, foimed «by 
th^ King of Bavaria, to the 'church of I>iArir<R- 
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ber^. The view fi^m tlus elevated situation 
of the Vale of Salzburg^ and the bold limegtone 
rocka of the Unterberg and surrounding coun- 
try^ certainly the most picturesque in Germany^ 
is most delightful. 

In a cottage near the churchy we were fur- 
nished with dresses^ and when equipped k la 
Saxonne^ entered the mine by a, shallow adit^ 
having its name Freudenberger Stolln engraved 
over the entrance. . 

The first part of this level was elliptically 
arched^ and six feet and a half in height from 
the channel for the water. As we entered the 
salt country^ its sides and roof were strongly 
tiinbered^ which the salt is said to preserve; 
it still continued lofty and commodious. After 
thus travelliug at our ease between three and 
four hundred fathoms^ we arrived at the top of 
an inclined shafts which we descended in a 
most singular and ludicrous manner. About 
the centre of the flat wall of the shafts two 
smooth pieces of wood^ like the sides of a 
ladder^ were laid sdiidj^ with some planks on the 
outside of each^ and a small narrow footway 
of sunken steps between. Over the platform 
on one side wa^ a strong r<^e^ on the other a 
raiL for the convenience of those that ascend. 
The descent was performed sitting/ or ra- 
ther reclining on the centre piecesy the legs and- 
feet restipg on the platform ; and by holding tfaef 
rope in the right hand^ which was protected by 
a string gjovc;, we were enabled to slide down at 

l2 
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the pace that was most a^eeable. This may bd 
regulated by the position of the body ; ours was 
very rapid^ and but for the caution of our at- 
tendant^ who led the way^ would, no doubt, 
have been still more so. It is, however, by no 
means dangerous, as by planting the left heel 
in the steps of the footway, the pace may in- 
stantly be stopped. Several persons may thus 
descend in a string, the one resting on the 
shoulders of the other. 

* In this manner we descended through three 
shafts, upwards of one hundred and fifty fa- 
thoms. 

The underlie, or angle of inclination of these 
shafts, was not the same in all. That of the 
fir^t was said to be 43 degrees ; the second, at 
an angle of 49**, we found to be so steep that we 
were obliged to throw our bodies completely 
back, to prevent ourselves from going too fast. 
About the middle of the third flight we turned 
out to visit one of the kammem or chambers^ 
in which the fresh water, conveyed into the 
mine from the surfex^e, is inclosed for the pur- 
pose of dissolving the salt which is much inter- 
mixed with clay. In our way we passed two 
or three basso relievos of Bishops of Salzburg, 
and a tablet to commemorate the visit of the 
Emperor. These are in stone, and were con- 
veyed there from the surface. The salt rock 
WQ3 not sufficiently solid to admit of sculp- 
ture. 
. The chamber was six feet and a half bigh^ 
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and from six to seven hundred fathoms in cir^^ 
cumference. The largest is said to exceed a 
thousand fathoms. 

The salt stone is so intermixed with clay and 
gypsum^ as to form quite a breccia. As it can- 
not be obtained sufficiently pure for use, these 
chambers are filled with freshwater {torn thesur- 
&ce/and carefully closed up, when in the course 
of five or six weeks the water becomes fully 
saturated. It is then drawn off as it may be re- 
quired by the boiling houses, which are in the 
town of Hallein, and the salt is obtained in the 
usual way by evaporation. 

The salt stone being dissolved, the clay falls 
to the bottom of the chamber, which is well 
stamped, after the water is drawn off, and a fresh . 
floor formed. Thus the ch^-mbers continue ta 
rise through the salt country a few inches at 
each filling. There are in all thirty-four cham- 
bers in the mine, but few only are full at the 
same time, as it requires a considerable time to 
fill them with water, and to clear and prepare, 
them after they have been used. 

The salt country, I was informed, might be 
from two hundred and fifty to three hundred 
fathoms in depth. 

There ar^ seventeen levels driven from the 
surface into the mine at different heights, for 
the convenience of supplying it with fresh 
water, and taking it off when saturated. 

Our journey out of the mine by one of these 

ndits^ was equally pleasant and amusing witti. 
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our descent. Seated across a long plank placed 
on four wheels, and having a swing b^am be- 
neath it for the legs to rest on, we travelled at 
a rapid pace upwards of lisiOO fathoms through 
the level ; the carriage running on a wooden 
rail road, was drawn by a man, two boys as- 
sisting him by pushing behind. The level was 
in excellent repair, and well timbered ; about 
four feet wide at the bottom, tapering to two 
feet at the top. 

The director of the Hallein works informed 
me that their annual produce amounted to 
about 15,000 tons, and that the other salt works 
in the country at Berchtesgaden, Rosenheim, 
&c. might yield together about double this 
quantity ; the price [I was told was four florins 
per cwt. and of this one half might be clear 
profit ; thus yielding a considerable revenue to 
the sovereign. Some of the salt stone is sold 
in the country in its native state, for the use of 
horses and cattle, particularly that from the 
Berchtesgaden ihine, which is the most solid. 
The greater part of the prepared salt is sent 
into the Austrian dominions by means of the 
River Salza^ which is rendered navigable at 
Hallein, and communicates with the Danube. 
A part is likewise sent overland to Bavaria, and 
into the Tyrol, 

At the moment of our visit, we found the 
utmost anxiety in the mine agents and di- 
rectors as to their future fete. The Province of 
SaUburg, which was formerly ah independent 
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Bishc^ric^ having been transferred at the peace 
of Amiens from Austria to Bavaria^ the Aus- 
trian agents^ who had then been dismissed^ 
were now looking out for the country to be 
restored to their sovereign by the decision of 
Congress^ and to their being replaced in their 
situations. 



XVL — Observations on the Geological struc^ 
ture of Cornwall, with a view to trace its 
connexion with, and influence upon its Agri- 
cultural (Economy, land to' establish a ra- 
tional system of Improvement by the scientific 
application of Mineral Manure. 

« 

Br JOHN AYRTON PARIS, M.D. F.L.S. &c 

HOKOBABT XEMBEB OF THE SOCIETT. 



I HE fabulous and romantic age of geology 
may be said to have passed away; its dis^ 
ciples^ no longer engaged in the support of 
whimsical theories^ direct all their attention to 
the discovery of facts^ and to their application 
to purposes of extensive utility. The present 
aera of geology may therefore^ with much truth, 
be compared to that of its kindred pursuit, 
chemistry, when in the dawn of the sixteenth 
century it escaped for ever the trammels of 
alchemy, and assumed the rank and import* 
ance of an inductive science. The parallel 
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may be carried still farther ; for it must be c<m* 
fessed^ that the benefits incidentally derived 
by chemistry from the visionary researches 
of the alchemists^ and those which have 
been conferred upon the science of geology 
by the zealous but mistaken pursuits of its 
earlier disciples, are equally numerous^ and 
alike important ; the happy allusion of Lord 
Bacon to the fable of i£sop^ respecting the for- 
mer^ may^ with much truth and force^ be ap* 
plied to the latter. '' They are like those hus- 
bandmen^ who^ in searching for a treasure sup- 
posed to be hidden in their land^ have^ by 
turning dp and pulverizing the soiL rendered 
it fertile/' 

Amongst the number of useful facts which 
have been thus brought to lights few perhaps^ 
in the science of geology are more striking, 
none undoubtedly more useful^ than those con- 
nected with the discovery of a certain regular 
order in the occurrence and association of the 
different mineral beds and strata^ which form, 
the surface of the globe^ and whose disintegra-* 
tion and decomposition have given rise to the 
loose covering or soil^ from which vegetation 
springs, and by which it is nourished^ sup^ 
ported^ and perpetuated. 

There is certainly no district in the British 
Empire where the natural relations between the^ 
varieties of soil and the subjacent rocks can he 
more easily discovered and traced^ or mote, 
effectually investigated^ than the county of 
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Cornwall ; and no where can the information^ 
which such an enquiry can afford^ be more im- 
mediately and successfully applied for the im- 
provement of waste lands^ and the general ad- 
Tancement of agricultural science. 

As we advance from a primitive to an allu- 
vial district, the relations to which I have al- 
luded, become gradually less distinct and appa- 
rent, and are ultimately lost in the confiised 
complication of the soil itself, and in that gene- 
ral obscurity which necessarily envelopes every 
object in a state of decomposition : we can, 
therefore, only hope to succeed in such an in^ 
yestigation by a patient and laborious exami^ 
nation of a primitive country, after which we 
may be enabled to extend our enquiries with 
advantage through those districts which are 
more completely covered with soil, and ob- 
scured by luxuriant vegetation ; as the eye 
gazing upon a beautiful statue, traces the out- 
line of the limbs, and the swelling contour of 
its form, through the flowing draperies which 
invest it. 

The construction of a geological map of a 
county like Cornwall, if viewed only as it re- 
gards the subject of this memoir, must be an- 
ticipated with considerable interest ; and should 
the labours of this Society terminate with the 
completion of this great desideratum, it will 
have to boast that it has presented one of the 
greatest gifts which agriculture can receive 
from science. It would not only point out the 
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connexion between the varieties of soil and 
the subjacent rocks, but it would explain the 
local circumstances which might be friendly or 
hostile to their improvement, and direct the 
agriculturist to the different mineral substances 
associated together in their vicinity, and which 
might contain principles capable of extending 
their fertility, or of correcting and modifying 
the causes upon which their poverty or barren- 
ness may depend. 

The county of Cornwall may be said tocon- 
Mst of four primary rocks, each of which, by 
decomposition, gives origin to a peculiar soil, 
distinct in its nature and characters, and re- 
quiring an appropriate system of cultivation 
and improvement. They all towever agree in 
one essential particular — their earthy combina- 
tions are few and simple ; the great object of 
art is therefore to extend and multiply them, 
and thereby to encrease and diversify their 
chemical and mechanical agencies. In alluvial 
districts the very contrary obtains, for nature 
has already mixed and compounded the dif- 
ferent particles of rocks in every proportion 
and in every manner, and has therefore left but 
little to be effected by the suggestions of science, 
or the resources of art. 

The principal rocks of which the county of 
Cornwall consists, are granite, schist, horn- 
blende rocks, and serpentine. Beds oP lime- 
stone, dykes of porphyry, veins of quartz, and 
those of other minerals, will also claim a por- 
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tion of our attqntion^ inasmuch as they effett 
an influence upon the soils beneath which they 
occur. 

Granite forms the skeleton of the county, 
upon which all the other formations repose. 
The soil to which its disintegration gives origin^ 
is provincially termed a growan soil ; it occu- 
pies a very considerable area of the peninsula 
of Cornwall^ constituting no less than three 
hundred thousand acres^ one half of which is 
unenclosed waste land^ affording a scanty pas- 
turage for a miserable breed of sheep and 
goats; but which^ by drainage^ and judicious 
cultivation^ mighty without doubts be much 
improved. The other portion of growan land 
is endowed with various degrees of fertility, 
and capability of improvement, in different dis- 
tricts, or eyen in different spots in the same 
district ; a fact which seems to have an intimate 
conq^xion with the nature of the granitic sub- 
stratum^ and consequently to admit of elucida- 
tion from the enquiries of geology. 

That the texture of granite, and the propor- 
tion of its component parts, had a considerable 
influence upon the degree of fertility of the 
superincumbent soil, I was led to believe by a^ 
bare inspection of specimens brought from fer- 
tile 9,n4 barren districts. Mr. Tyacke, of Go- 
dplphin, has, at my request, furnished the So- 
ciety with some striking specimens in confir- 
i{}atiou of this fact^ and, i have had an oppor- 
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tuiuty of adding others. Mr. E. Giddy has 
likewise contributed to the collection in fkrther 
illustration of the views which are ofiered in 
this memoir. It is hardly necessary to remark, 
that granite consists of three substances in the 
state of medhanical admixture^ viz. felspar^ 
mica, and quartz, the first and last of which 
being essentially different in chemical compo- 
sitioni are necessarily so in their agricultural 
influence. Felspar is capable of beings in part^ 
resolved into aluminous earthy and includes^ 
moreover^ sevend elements which have been 
discovered by experience to be highly congenial 
to the process of vegetation : quartz^ on the 
contrary^ has a powerful tendency ! to resist dis- 
integration^ and even when it is decomposed^ 
it is reduced only into siliceous particles. The 
nature of felspar varies also very considerably 
in different kinds of granite ; it occurs some- 
times in an earthy form^ is easily pulverized^ and 
emits^ when breathed upon^ a strong smell 
of aluminous earth ; at other times it is met 
with in a hard^ compact^ and less earthy state^ 
not easily yielding to the action of air and 
moisture. In some felspar the proportion of 
its siliceous greatly exceeds that of its alumi- 
nous elements^ and in others again magnesia 
forms a constituent part. 

The relative proportion of mica appears also 
to have some influence^ and where this ingre- 
dient occurs in granite in vory considerable 
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abundaoee> it is generally indicative of a UgbC 
and poor soil. I have detected the presence 
of magnesia in several of such soils^ but I 
should rather attribute their barrenness to the 
circumstance of a large proportion of mica 
being frequently associated with a considerable 
quantity of quartz in the granite of Cornwall. 
There are^ besides, incidental ingredients in 
granite, which must be taken into account, 
sach^ for instance, as iron, whose presence not 
only di^oses the rock to a rapid decomposi* 
tion, but it may subsequently become a u^ftil 
dement in the soil itself. 

It would appear from these views that the 
value of a growan soil will bear a relation to 
the proportion of felspar in the subjacent gra* 
nite : it is therefore a circumstance which should 
be always examined by the scientific agricul* 
tiuist, who wishes to form a correct estimate of 
the capabilities of any grawan district. Upon 
an investig-ation of many of the more fertile 
parts of Cornwall, this fact is very strikiBgly 
illustrated ; it will be found that in such dis* 
tricts the quantity of felspar in the granite 
varies from 70 to 90 per cent, and that it pos- 
sesses also the earthy jtexture which so greatly 
accelerates its decomposition; this is one of the 
mineralogical circumstances which will explain 
the unusual fertility of the growan soils in the 
parishes of Saint Burian^ Seiuien^ and Saint 
Leven^ and which are let, upon an average^ at 
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the rent of j£4 per acre ;* on the other hand/ let 
the ^eologist^ in passing over the dreary and 
barren moors which occupy the centre of the 
coimty^ collect specimens of its granite^ and 
they will be found to offer a striking contrast 
to those of more fruitful districts ; many other 
instances might be mentioned^ but the geolo* 
^ist will have no difficulty in multiplying them. 
The Islancls of Scilly are very fertile^, a circum- 
stance depending upon the large proportion of 
fd^ar and iron^ which enters into the com- 
portion of the granite^ and the consequent ra- 
pidity with which its decomposition proceeds. 
Guernsey consists of gneiss abounding in fel* 
^spax^ its soil is accordingly fertile; whereas 
the granitic parts of Norway are distinguished 
for the abundance of quartz^ and we therefore 
find that their superincumbent soils are sterile. 
Von Buch confirms the truth of this report ; he 
observes^ in his travels through that, pountry, 
that ^' in the fruitful clay-slate the ground 
yields twelve times the amount of the seed^ 
whereas on the rocky granite soil it hardly 
repays the diligence and pains bestowed on it^ 
cultivation/' 



* These soils produce large crops of corn of every kind^' 
of red wheat from 40 to 45 Winchester bushels per acre, of 
prime barley from 45 to 60,170, and even 90 have been pro., 
duced; m these estimates, collected by Mr. Worgan in hit 
ogrictdtucal survey^ it must be remembered that the >Comis]| 
exceeds the statute acre nearly in the ratio of sis to five. 
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In granitic countries^ the frequent recur- 
rence of rain is' likewise a powerful cause of 
fertility^ and in this respect the climate of Corn- 
wall is certainly highly congenial ; there is a 
popular adage^ well known to the members of 
the Society, that '' the land of Cornwall will 
hear a shower every week day, and two upon a 
Sunday.'* This, like most of our popular say- 
ings, is founded in valuable observation and 
experience, and serves to record an opinion 
sanctioned by the universal consent of succes- 
sive generations; the philosophical explana- 
tion of the fact is^ that the shallowness of the 
soil, and the large proportion of siliceous mat- 
ter entering into its composition, together with 
the nature of its rocky substratum, render a 
constant supply of moisture indispensable for 
its fertility. This is one of the numerous in- 
stances of intelligence and design which nature 
displays in connecting the wants and necessities 
of the different parts of creation, with the power 
and means of supplying them ; thus in primi- 
tive countries like Cornwall, the soil necessa- 
rily requires moisture, and we perceive that 
the cause which occasions, at the same time, 
supplies this want ; for the rocks, devated above 
the surface, solicit a tribute from every passing 
qloud, whilst in alluvial and flat districts, where 
the soil is rich, deep, and retentive of moisture, 
the clouds float undisturbed over the plains, 
and the country frequently enjoys that long 
and uninterrupted series of dry weather, which 
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b so congenial and necessary to its fertility. 
Linnaeus observes^ that the plants which chief- 
ly grow upon the summits of mountains^ are 
rarely found in any other situation^ except in 
marshes^ because the clouds^ arrested in their 
progress by such elevations^ keep the air in fi 
state of perpetual moisture, somewhat resem* 
bling that of the fogs in meadows and marshes : 
in exemplification of this factt^ the locality of 
pamassia paluatris immediately suggests itself 
to our notice. 

As a general rule, it may be stated that iti 
order to obtain the greatest fertility, the pro- 
portion of siliceous matter in a soil ought to be 
encreased according to the quantity of rain 
that falls, or rather perhaps to. the frequency of 
its recurrence ; for it is evident that one of the 
principal effects of this element is^ to diminish 
in the soil its capacity for moisture; we ac- 
cordingly find that in the rainy climate of 
Turin, the most prolific soil has from 77 to 80 
per cent, of siliceous earthy and from 9 to 14 of 
calcareous^ whereas in the neighbourhood of 
Paris^ where there is much less rain, the sileX - 
bears only the proportion of from 26 to 50 per 
cent, in the most fertile parts. 

Xiet the agriculturists of Cornwall, if there be 
any who regret tke frequent recurrence of rain^ 
hail with gladness the golden showers that fill * 
their granaries with com, and clbthe the pas* 
ti4*es vfith perpetual verdure. 
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^' Notfiuck aa wintiy stdma on mortals bM^ 
Oppressing life, but lorcly, gentle, kiad, 
And full of every hope, and every joy, 
The wish of Nature.** 



To return from this digression^ I would ob- 
serve that the essential character of aT grotoan 
soil may be stated to be a peculiar unsuscep- 
tibility to all external agents, and an inapti- 
tude in its internal composition, to those che- 
mical changes with which fertility seems to be 
connected : I have examined a great number of 
* such soils, and have rarely met with much 
soluble matter in their composition. These ob- 
servations, however, apply with different de- 
grees of force to different districts, according 
to the value of the soil, and to the extent of 
judicious improvement which it may have 
undergone. As a rule for the amelioration of 
a grouan soil, it may be recommended^ as a 
general principle, to encrease the number of it^ 
elements, and consequently to extend their 
affinities. The Cornish code of agricultural 
improvement may be very shortly expressed^ 
Mix, Combine, and Multipey Manures. In 
the treatment of a growan soil, in particuliar^ 
the manures cannot be too complicated, and 
those of an animal and vegetable nature should 
be always previously mixed with clay, decom^ 
posed slate, or other argillaceous substances, 
with which they may contract an ifitimate 
union, and by such means be more securely 
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preserved in the land to which they are ap- 
plied. 

My friend^ John Scobell^ Esq. of Nanceid« 
Teme> who has a considerable estate in <he 
western part of Cornwall^ communicated to 
me a singular practice which the farmers in his 
neighbourhood pursue with evident advantage^ 
which is that of actually dressing their inconi- 
gible land with the comminuted fragments of 
decomposing granite. Strange and enigmatical 
as this may appear to the agriculturist who has 
not studied the subject of mineral manures^ to 
Ihe mineralogist it is a fact^ capable of easy 
^nd satisfactory explanation:: the growan, or 
decomposed granite^ coatains^ as I have before 
stated^ large quantities <^ felspar^ andtherefioM 
pf $^umina^ with sBmU quantities of alkali. I 
have made several experiments in order to 
detect the presence of an alkaline element^ 
and^ by treating the pulverized substance with 
sulphuric acid^ I have succeeded in producing 
a crop of alum crystals. Upfon the same prin- 
.iciple the application of decomposing slate 
proves a valuable manure for growan lands^ 
sin<^ it contains alumina in vary great quan- 
titieSj and is therefwe capable of imparting to 
ihexa that .tenacity of whidi siliceous soils aie 
destitute. This intermixture of' soils^ or of 
decomposing rocks capable of producing theiti^ 
where one kind of earth is either redundant or 
deficient^ has been most. successfully practised 
in ptber counties. Mr. Bakewell^ in hjs 

M 2 



180 Dr. Paiiis bh the 

^' Introduction to Geology/' observes^ that 
part of Lancashire is situated on the red sand 
rock, which being principally composed of 
ajyticeous earth and the oxyd of iron, forms of 
itself very unpr^ucttve land ; but that^ for- 
tunately, in many situations, it contains de- 
tached .beds of calcareous marie, by the appli- 
cation '. of which it is converted into a most 
fertile soil. Mr. Brande has also observed in 
the General! Remarks upon the Soils of Great 
Britaini which are appended to his descriptive 
catalogue of the minerals of the Royal Insti- 
tution> thaJt experience ^id science have great- 
ly improved the advantages to be derived froirt- 
the proxiodity of different soils to each other; 
and that there can be no better illustration of 
the utility of an. intimate acquaintance with 
the relation of the different strata, than the ame- 
lioratioa> of the Sufiblk sands, which, by the 
proper application of a substratum of a shelly 
marie, provincially termed '' crag/' have been 
changed from a parched and useless heath to 
arable and productive land. A most interest- 
ing illustration of these views seems to be pre- 
sented in the exti^aordinary fact whicii I 'have 
..discovered in the county of Cornwall, respect- 
vis^ th& increased ^N'tility which characterizes 
:$oHs that are • suptti'incumbent upon the junc- 
, .tions of rocks. The mpst superficial observer 
'Osnay: easily satiny himself of < the truth of this 
!&ct;r indeed the tine of jimction bet^^een thb 
g^raiiite ;and ^late ^rmatioas^ may^ in many 
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^rts^ be traced by the eye alone thmugbr 
tiaets of cultivation^ ffom the reviarkable fer« 
tility which attends it. It may be defined n 
zone, of fertility, since both the gmvdon axid 
«/ai(y. soils -become mutually ^enriched' as they* 
ajiproaeh each other: numerous are the enL-* 
amplea which might be adduced in eonrfirma^ 
tion of this fact ; the following, however, as 
beiog readily accessible to investigation, ar^ 
particularly noticed. The most vadoable part 
of the estate of Trengwainton, the seat of l^r 
Rose Price, lies upon tke jundtion of* slate and 
granite; this line may be traced to. Madron 
church, and fix>m thence round the IMtouat's 
Bay^ in the direction of whidh we 'shall in- 
variably find the superincumbent soil distiu* 
guished for its superior fertility. It is pro- 
bably worth notice, that all the villas aroimd. 
this beautiful bay ai-e placed upoil the jdnetion 
of rocks. Where the kombUnde Jbimatum in^. 
trudes itself, the fertility oi the land is still far- 
ther encreased, as may be seen on the valuable 
estates of Castle Homeck, smd Trereilfe, asi 
shall hei-eafter have occasion to .notice, when I 
tr^at of hornblende soils. The zone of fertility 
may be also seen well characterized on th% 
line of junction between granite atut slate at 
PenrhyUj and on that extending jfrom Ghyoo» 
on the acclivity of Paul*hiU, to Mousehole, in 
the Mount's Bay ; this latter instance attracted 
the attention of Mr. Worgan, wlio, in bis ge- 
]ncral view of the agriculture of Cornwall. 
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notices this district as one highly fertile^ and 
as being fitmous for producing two crops of 
potatoes in one yean On Saint Michael's 
Mount the geologist will also discover an ex* 
ample of the fertilizing influence which the 
jimction of slate and granite exerts upon the 
superinomnbent soil ; the beautiftil carpet olf 
herbage covering the south-eastern base >of this 
•mguJar spot^ is a feature whi<^ instantly strikes 
the attentidn of the stranger. To these ex- 
atnples I may add anotfa^, whi(ih I have very 
It&tely discovered: I ni^as requested by my 
^eod Mn* Pendarves, to examine whether any 
geological/ lirrangements could explain the 
cause of -a particular line in his estate of Pen- 
dalrel^, b^g! more fertile than the neighbour^ 
ing lands ; upon tracing the direction of the 
j^nife and slate formations^ we soon dis- 
covered that this line of superior fertility, was 
superincumbent upon the junction of these 
rocks. In making a tour through the county 
of Corawell^ you will frequently hear the far- 
mer speaking of a vein of rich land ; 1 have 
geaerally iooiid upon enquiry, that this is no 
other than the. zone of fertilUy superincum- 
bent on a junction. Daring the summer of 
1816^ I made a geological excursion around 
the peninsula of the Lizard, and farther oppor- 
tunitiies were thus afforded me of confirming 
my opinions upon many points connected with 
the objects of this memoir, and of collecting 
illustrations from a district highly interesting^ 
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and but little explored. In proOJfeding from 
the church of Constantme* to M awHttn, I was 
fortunately accompanied by a very intelligent 
&rmer of Ihat district^ who mformed me that 
in the former parish the kitlas and growan Iknd^' 
as they came together were much improved' in 
quality^ and that they were mutually encreased* 
as much as one thhrd in valure ; he also stated 
that the crops upon this ^^ rich vein" were 
much earlier. Some time since I mentioned 
these results of my enqoiry to Mr. Whidby, 
the ingenious and scientific director of iht;^* 
" Breakwater'* in Plymouth Sound, and he 
informed me that the same encrease of fertility,^ 
as far at least as he had noticed, was certainly 
evident upon the different junctions in the 
neighbourhood of Plymouth. I have not had 
any opportunities of extending the enquiry 
into other counties, but I should hope that the 
publication of these short and imperfect notices 
may awaken the attention of more able and 
diligent geologists, and that a mass of facts 
may be ultimately collected which will lead to 
a full and satisfiactory explanation of this in- 
teresting phenomenon ; at present, I confess I 
feel much difficulty in accomplishing it. That 



* This spot deserves the attention of the geologist, for ia 
a quarry may be seen the best, and, perhaps, the only well 
defined gneiss j in the county of Cornwall ; it was pointed out 
to m& by a 2ealous member of bur Society, the Rev. Joha 
Rogers^ of Mawnan. 
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the intermixture of the decomposed parts of 
these different rocks^ is one grand cause to 
which we are to look for explanation I am 
willing to admits but I cannot helpjsusp^cting: 
that future enquiries will also discover that 
there are other equaUy important causes in- 
volved in the explanation ; bold as the con- 
jecture may appear^ it i^ by no me^Jis unphii^ 
losophical to suppose that some galvanie 
influence may exert a powerful agency, per-^ 
haps by accelerating decompositions^ and pro* 
moting in the elements of the superincumbent 
soils those various changes which are essential 
to luxuriant .vegetation. 

In alluding to the silent^ secret, and corror 
sive agency of the galvanic influence, I cannot 
resist the opportunity of directing the attention 
of the Society to an interesting illustration of 
its effects, which has been lately afforded by 
the rapid^ and for awhile inexplicable, decay 
of the flood gates in the port of Hayle, a cir- 
cumstance which has been discovered to depend 
entirely upon the contact of iron and copper 
bolts and braces, introduced into the different 
parts of the frame work. 

Sj^ATY goiLs, or those produced by the de- 
composition of slate or schistus, are, generally 
speaking, much more productive than the 
gi'owan soils which I have described, although^ 
like the latter, they vary considerably in their 
degree of fertility ; a fact which depends upon a 
D^mber of circumstances^ amongst which may 
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be Qottced» the fnclination^ or dip of the strata 
— the chemical compositicm of the rock--r-the 
QMmber and size of the quartzose veins that 
intersect it^ &c. Where the schistose strata 
hare a considerable underlie^ the superincum- 
bent soils are usually lights hungry^ and un- 
griiteful; the soluble ingredients are washed 
away, and the manure which is applied^ passes 
off through the fissures of the strata^ and con- 
sequently produces only a transient benefit to 
the land* That the composition and texture 
of the slate rock exerts, also an influence upon 
the fi^rtility of the superincumbent soil, is a fact 
equally evident ; where, for instance, its frac- 
ture is siUceous, and its texture resists disin* 
tegration, we may be generally led to the in* 
ference, that such a district is inferior iu fer- 
tility. I have seen well marked examples of 
the relative value of slaty soils depending upon 
such a circumstance ; for instance, on the 
north-eastern side of Godolphin Hill, the 
schistose soil exceeds in value at least one- 
third that upon the northern side; upon ex- 
amining the slaty substratum, it will appear 
that the former is friable, and almost earthy, 
whereas the latter is siliceous and brittle. I 
have generally observed, that where the slate 
has a disposition to shiver into thin laminas^ 
the superincumbent soil is poor. The im- 
provement of such districts is to be effected by 
the application of the same principles as tliose 
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recommended for the amelioration of ^y^voan 
lands. 

The next soil which presents itself to our 
notice, is that superincumbent upoii the va- 
rieties of hornblende rocks; these^, of course, 
vary as much as the nature of the rock wUk^ 
produces them ; they alt howereF, exhibit tlie 
same characteristic peculiarities. I i^all, there- 
Ibre^ for the sake of perspicuity, comprehend 
them under the gei^ral name of Aomi^emle 

All the yarieties of this soil are more com* 
plicated in their composition than those which 
hare been already described, and they uni- 
yersaliy constitute the richest and most fertile 
parts c^ the county ; if, upon taking an estate, 
the farmer discovers any blocks of this rock, 
which is known by the provincial name of dim 
or iron-stone, he may congratulate himself upon 
the circumstance, for it is generally an omen of 
the land's fertility, or, at least, of its capability 
of improvement. Notwithstanding the den- 
sity and hardness of this rock, it decomposes 
most rapidly, apparently in consequence of tlie 
disposition which its ferruginous elements pos-^ 
sess, to combine with oxygen ; this fact is seen 
in the ochreous appearance of the different faces 
of the stone, and which has bestowed upon it 
the j>opular name of iron-stone : experience 
has also at length taught the inhabitants a fact 
which theory could easily have anticipated, 
tbat this stone, notwithstanding its hardness, is 



Geological Structure of ComvoaU. 187 

by no means a durable material for the repsdr 
of public roads. The colour of this soil has a 
f eddish hue from the presence of iron ; it con- 
tains in its composition a considerable portion 
of aluminous earth, and more vegetable matter 
tiian in the other soils; this depends upon a 
greater disposition in the earthy elements to 
combine with it; I have also found many 
saline compounds ; indeed, it would seem that 
the internal changes which take place in these 
soils, are more numerous and rapid than in the 
Others before mentioned : the iron, no doubt, 
contributes essentially to these changes. I 
have already in my paper upon the ^' Recent 
Sandstone of Cornwall/' alluded to the impor- 
tant agencies of this mineral body, and the 
present enquiry is capable of afTordiisg a far*' 
ther illustration of its extensive influence in the 
ceconomy jof the earth's surface ; amongst the 
saline bodies which abound in hornblende 
soils^ is sulphate of lime, probably the result 
of a play of affinities between the calcareous 
sand with which it is manured^ and the salts of 
iron which are derived from the decomposition 
of the pyrites with which hornblende rocks so 
universally abound. Nitrate of potass is also 
a salt, which very frequently occurs in abund- 
ance; in the fertile lands at Alverton, near 
Penzance, it may, in dry weather, be collected 
in great quantities, in a state of efflorescence ; 
how far the presence of this substance in- 
fluences the fertility of the soil, I am not 
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prepared to i^y^ but Dr. Clarke has ail obser- 
vation in his travels , in Russia^ which is wdl 
worthy of notice. '' The earth is strongly 
impregnated with nitrate of potass in all the 
environs of Woronetz^ and it is^ to the presence 
of this mineral that the extraordinary fertility 
of the Ukraine has been attributed. The 
whole country^ south of Tula, abounds with 
it ; insomuch that it sometimes effloresces oi\ 
the soil, and several fabrics for extracting it 
have been eslablished/' 

There is no part of the county where the 
superior fertility of hornblende soils may not 
be witnessed : in the Mount's Bay, the fact is 
most striking. The shores of this beautiful 
bay, in the vicinity pf Penzance^ constat prin- 
cipally of hornblende rock and slate^ and their 
fertility is not exceeded in any part of the 
kingdom ; a belt of land around this town, 
consisting of one thousand acres, (uroduces a 
rent of j£ 10,000 per annum ! All hornblende 
soils, however, are not equally fertile, as I liave 
before stated, a fact which depends upon the 
structure of the rock, and seems to offer ano- 
ther point of analogy between hornblende 
rocks and basalt, and lava. M. Cordier* has 
lately examined this last substance, with a view 
to explain why some currents of lava remain, 
always sterile^ while others are speedily covered 

*^ Iti a memoir read before the Royal Institute of FFanco 
on the origin of basalt and wacke rocks. 
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ifritli the finest vegetation ; and he found that 
this difference depended upon the degree of 
vitrification which the lava had undergone. 

Where the hornblende rock has a consider* 
able proportion of felspar in its composition^ 
its fertilizing influence is further encreased, as 
is seen in the sienitic fomialion of St Keverne« 
The lands between the church of tliis parish 
and Coyerac Cove, constitute one of the most 
extraordinary districts in the kingdom^ pre- 
senting a rare combination of rudeness and 
fertility ; gigantic boulders^ and iragments of 
sienite^ lie scattered in all directions^ and yet, 
in point of luxuriant fruitfuhiess^ this country 
may be denominated the Garden of Cornwall. 

Decomposed laenite^ as may be seen in the. 
vicinity of Menacchan^ especiaUy in passing 
from .this village to Tregonweli Mill^ is exten*^ 
sively applied as a manure to slate lands in 
that dktrict^ and^ as I understood^ with evident 
advantage. In the parish of MuUyan, a de- 
composing greenstone i» very extensively ap- 
plied as a manure. 

The last soil which I have to mention is that 
superincumbent upon aerpen^ne ; tiiis, in com* 
parison witii* the foregoing ones^ is .limited in 
extenty ooeurritig only in the . peninsuk* of the 
Lizard^ and, in a circumscribed spot near 
Liskearid; If we consider the '' lAzantpenm^ 
sula" to consist of ^he lands south of a line 
drawn from the Helford Harbour to the Lo© 
Bar^ it will bfe found that the terpentine soil 
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wiD j\ist occupy one-third of its area. This 
soil^ skhoii^ iafefior ia featttlity to that of 
WKBPf ^ia^ax,i» in Cornwall^ • is by no means so 
sterile as we should have expected from the 
abundance of magnesian earth in its compon- 
tion. In France we have an example of a 
4arge chalk district rendered barren by the 
presence of magnesian earth. ^ No opportu- 
nity has been afforded me of examining in 
dets^il the peculiar characters and relations of 
serpentine sqil ; I hope that some other mem- 
ber of the Society will prosecute the enquiry. 
To the botanist this district is well known as 
the habitat of the erica vugans. This el^ant 
heath seems to find a magnesian set! nei only 
QOttgeniaL but lessential to its existeiM^^ for 
notwithstanding its profusion on 6oonhil|y 
Downs, not a single specimen is to be found 
beyond the line which defines the boundary of 
the serpentine formation. The botanist wiH 
be gtad to learn that I have gathered it in the 
vidnity ctf Clickertorr^ near Liskeard^ where 
the serpentine formation again tietrays itseli^ 
l^:companied with an evident deterioration of 
soil in its immediate vicinity. 

Whjsn it is coni^dered how constantly the 
rocks of Cornwall aite intdrs<»:ted by metallic 
tmd other veins^ carrykig every speoies of mi* 
•neral matter, it cannot be deemed extmordi- 
tnary^ if we occasionally find some rare salts in 

♦ Tnms. Gdoi. Soiciety of Lonjoo. toI. ii. p, 175. 
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its ^ils. The Rev. William Gregor found in 
a schistose soil near Creeds and also in the 
vicinity of Helston» several uncommon mib- 
stances. amongst which was a muriate ofmamn 
gane9€. In the vicinity oi Redruth I detected 
a considerable proportion of sulphate of iron ; 
the soil which contained it had not beeor ma^ 
nured^ as I was informed^ by eafeareons sand, 
or it might probably have htmt converted into 
gypmm. Veins of iron appear to improve the 
country through which they pass. I have seen 
an example of this fact in the parish of St, 
Mewan. 

In th€f view which has been just taken of the 
gpological structure of Cornwall^ in reference 
fo its agricultural oeconomyj it would appear 
that the fertility is much greater than that 
which usually occurs in a country composed of 
primitive rocks. This peculiarity^ however, is 
not greater than that which distinguishes its 
geological character ; granitic countries usual-* 
ly present a bold and varied outline, whereas 
the aspect of Cornwall is tame and uniform. 
'^ I went into Cornwall,'' said a geologist of 
well known celebrity, '' to see an example of 
a primitive country, but instead of an example, 
J found ajA exception." 

The same observation would apply to the 
agricultural character of the county. In ge- 
neral, primitive formations disintegrate into 
rugged piles, whose acclivities are too steep to 
aUow any accumulation of soil, and conse- 
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gently they but rarely constitute the fertile 

parts of the globe. As far as the imperfect 
state of our kno'ivledge will allow us to gene- 
ralize, it would appear that primitiye rocks are 
accumulated towards the poles^ and that the 
great mass of secondary formations is found to 
occupy the middle and southern latitudes^ 
which constitute a portion of the globe emi<^ 
nently calculated for the abode of man, and of 
the animals which are subservient to his wantS|» 
or indispensable to his comfort. This obser- 
vation, however, must be regarded only as a 
loose and vague conjecture; nor should I have 
iotroduced it into this memoir, had it not 
coincided with the result of the extensive and 
laborious researches of a ce;lebrated geologist^ 
who has traversed the continents of Europe 
and America, with the view of examining their 
geological structure and i*elations ; I need not 
state that I allude to Mr* Maclure^ of Phila- 
delphia, a name well known to our iSociety 
from the splendid map of the United States of 
America, and the suite of specimens illustrative 
of their geology, which have been lately pre- 
sented by that gentleman. 

By an arrangement of rocks similar to that 
which I have stated, nature is continually heap- 
ing, in the middle and southern latitudes, the 
matter consolidated by the action of animal add- 
vegetable life, atid might, therefore, as Mr. 
Ma^lure ingeniously observed, tend toaugment 
the diameter of the globe iii those places, and 
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of course to ^ve the appearance of flatness to 
the poles. 

I shall conclude these notes on the soils of 
Cornwall^ with a few observations upon the 
different kinds of mineral manure which are 
applied for their cultivation and improvement. 

Sea sand is very generally used for this pur- 
pose^ but as this substance is various in its 
composition^ it is obvious that its operation 
must be very different in different parts of the 
country; its mechanical action^ however^ in 
dividing the particles of the soil^ applies equally 
to every kind ; it moreover may be said gene- 
rally to impart a small quantity of sea salt to 
the soil. 

Calcareous sand^ consisting of comminuted 
shells^ is the species more generally employed ; 
and the quantity which is every season carried 
away from difierent parts of the coast for the 
purpose of manure^ almost exceeds belief From 
Bude^ in the parish of Stratton^ it has been 
ascertained that in one day as many as four 
thousand horse loads have been taken; and 
from, the harbour of Padstow, it has been com- 
puted, that fifty-four thousand cart loads are 
annually carried. The expense of land car- 
riage for sand/ used in the county, has been 
considered as amounting, at least, to thirty 
thousand pounds annually. 

With respect to the composition of '' shelly 
sand,'' it will be found to vary with the state 
of the tide, and the direction of the wind^ 
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circumstances which the farmer ought always 
to notice; for when the wind is blowing off 
land^ the Hghter particles of 'the sand are 
thrown upon the beach^ and it is more cal- 
careous in its composition. On examining 
samples of the sand usually employed, I have 
found it generally to contain from 60 to 64 per 
cent of carbonate of lime. That its beneficial 
operation depends upon the presence of cal- 
careous matter there cannot be any doubt^ but 
at the same time^ we arc borne out by unequi- 
vocal facts in believing, that the sea salt^ with 
which it is impregnated, contributes materially 
to its fertihzing powers. This opinion I have 
lately stated before a Committee of the House 
of Commons, appointed to enquire into the 
laws respecting the Salt Duties, and I am anxi- 
6us to record such an opinion in this memoir. 
Amongst the facts to which I allude, as bear- 
ing strong testimony to the truth of this opi- 
nion, is the striking circumstance of the farmers 
sending several miles to the harbour of Pad- 
stow for the very sand which is drifted to their 
lands, and might, therefore, be obtain^ with 
little trouble, and no expense. 

The calcareous matter of the sand would 
seem to undergo different changes, an4 to be 
disposed of more or less readily, in the different 
kinds of soils to which it is applied ; its con* 
version into gypsum, or sulfate of lime, as I 
have already mentioned, appears occasionally to 
take place. In growan soils it undergoes the 
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least change. I examined several of these 
soils, that had not received a sanding for tt 
considerable length of time^ and I found them 
to contain about five per cent, of carbonate of 
lime^ tWo-thirds of which were in the form of 
an impalpable powder^ and the remaining one-^ 
third in that of fine sand. A series of com- 
parative experiments made with different soils^ 
would furnish interesting and important re- 
sults. On the supposition that the action of 
this sand was purely chemical^ our worthy Pre- 
sident suggested the probability of gaining 
some advantage by previously grinding it 
so as to reduce it to an impalpable powr 
der. Mr. Bucestow^ an intelligent farmer^ 
accordingly made the experiment/ and he states 
that the result was favourable ; no conclusion 
however can "be drawn from one experiment; 
numerous and repeated trials are necessary to 
establish the utility of any practice^ in an art so 
obscure as that of applying with success the 
different species of mineral manure. 

How far the presence of gypsum in any of 
the soils of Cornwall may contribute to their 
fertility, is a subject well worthy of farther 
investigation. I have already shewn that it 
might be easily produced by the admixture of 
calcareous sand and decomposing pyrites : ex- 
amples in which the elements of these bodies, 
when presented to each other under circum- 
stances fiivourable to chemical action, enter 
into new, combinations, and produce gypsum^ 

n2 
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are familiar^ and I have already dwelt upon 
the subject in a former paper. I might now 
remind the mineralogist of many more in- 
stances^ amongst ' which are the well known 
specimens of oyster shells studded with crystals 
of selenite from Shotover, evidently produced 
by the action of sulphate of iron upon their 
calcareous elements. The same theory will 
also explain the generation of alum^ from 
aluminous shale, at the Hurlet Mine^ near 
Glaso^ow. 

The use of gypsum as a manure has been 
questioned by several intelligent farmers : va- 
rious testimonies however in favour of its 
efficacy, have been presented to the Board of 
Agriculture by Mr. Smith ; it must^ neverthe- 
less, be admitted, that in this kingdom it has 
never been employed with the signal success 
which marked its adoption in America, and 
which was so palpable and extraordinary, as to 
have at once ensured its universal introduction. 
Whenever any doubt or hesitation betrayed 
itself with respect to the extent of its fertilizing 
agency, it was only necessary to sprinkle a 
small quantity on a meadow, in order to pro- 
duce entire conviction, and this was usually 
done in the form of letters, or characters, 
which in a few days became so much more 
luxuriant than the surrounding grass, as to be 
visible at a considerable distance : it is, I 
vunderstand from Mr. Maclure, chiefly applied 
to grass lands as a top dressing, in the propor- 
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tion of one bushel^ weighing 70 lbs. to an acre, 
and the Americans explain its operation by sup- 
posing it to depend upon its solubility in water, 
and its consequent absorption by the roots of 
the grass ; they have accordingly found that 
by burning it, and thereby diminishing its so- 
lubility in water, fifty or sixty bushels are not 
so efficient as one, before it undergoes that ope- 
ration. 

When this substance was first introduced 
into America, which was about twenty-five years 
ago, it was imported from the quarries of 
Montmartre, and in such request was it, that 
a bushel of wheat was usually given for the 
same measure of gypsum ; it is now obtained 
from Nova Scotia, not having been hitherto 
found within the States ; and it may perhaps 
serve to convey some idea of the extent to 
which it is applied, when I state that Mr. 
Maclure assured me that not less than three 
hundred vessels are constantly employed in 
the traffic, and that in Philadelphia twenty mer- 
chants at least are solely engaged in supplying 
the demand for it. Its efficacy appears to be 
considerably encreased by applying it in a 
minute state of division, and a want of atten. 
tion to this circumstance may possibly have 
rendered its advantages less conspicuous in 
England. In America three or four hundred 
mills^ of a peculiar construction, have been 
erected in different parts, with which it is 
ground to an impalpable powder. It appears,. 
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however, never to answer so wett within 
fifteen or twenty miles of the sea, nor in wet 
lands ; this, perhaps, may have been another 
source of disappointment. We may infer, 
therefore, that the value of the application may 
vary with the character of the soil, especially 
as it regards its power of absorbing and retain- 
ing moisture ; many valuable hints upon this 
point are to be found in Sir H. Davy's masterly 
system of agricultural chemistry. 

It is undoubtedly necessary, before we can 
hope to apply any mineral manure with advan- 
tage, to understand the nature of its operation ; 
I trust, therefore, that I may be excused for 
hazarding the following theory in explanation 
of the modus operandi of sulphate of lime. 
The solubility of this substance in water affords 
a great facility to its introduction into the cir- 
culating fluids of a plant, and hence whatever 
diminishes this property diminishes also its 
fertilizing powers ; it is thus, therefore, enabled 
to penetrate and pervade the whole vegetable 
organization, and to enter into combination 
with its woody fibre, by which the densjty of 
its texture will be encreased, and conse- 
quently the vascularity of the plant, and 
the evaporation from its leaves, in the same 
ratio, diminished : from these views it would 
appear that gypsum does not act by effecting 
any chemical change in the soil, but solely by 
diminishing the plant's evaporation ; this idea 
seeins to be fully borne out by the evidence 
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which is furnished by the different circumstances 
attending the operation of this manure : we 
find^ for example^ that succulent vegetables^ 
planted on dry soils^ are those which are prin- 
cipally benefited by its application, and that 
the various grasses so manured, retain their 
verdure in the driest season^ and on the most 
arid lands ; and at the same time we find that 
these crops, especially clover, acquire a pro- 
portionate encrease ia the density of their 
fibres, that is to say, they become much more 
rank aud stubborn, and often to such a degree, 
that in America, where its effects are best 
known, sheep frequently refuse feeding upon 
the stalks: by analysis^ gypsum would most 
probably be discovered in their composition, but 
I have had no opportunity of submitting them 
to experiment. Upon the same principle we 
find that under circumstances, or in situations, 
where the evaporation from a plant is provided 
for by a constant supply of moisture, that such 
a check to it becomes unnecessary, and there- 
fore that the effects of gypsum cease to be 
apparent. 

It remains for me to conclude these notes 
upon the soils of Cornwall with an apology for 
their numberless imperfections, and for the 
abrupt and unsatisfactory way in which I have 
dismissed many of the more important points 
of the enquiry. The truth is, that with this 
memoir I abandon the study of geology. The 
pursuit of the science commenced with my 
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residence in this interesting county^ and it must 
terminate with it. I part with it, however, 
with the reluctance of an old friend, who has 
furnished me with much delight and amuse- 
ment, during the exercise of a laborious and 
anxious profession . T hat I may not be seduced 
from my present resolution, although I have 
not, like Bishop Watson, in imitation of the 
idolaters of old, burned my books^ yet I have 
taken a no less effectual step to wean myself 
from the pursuit— I have given away my miner* 
aio^icftl specimens. 
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At is well known that the grain tin of Corn- 
wall . sells for a much higher price than the 
block tin^ which is produced in the same coun* 
ty ; and that this difference in their value arises 
•from the greater purity of the former, which 
renders it more fit for a variety of purposes. 

The causes of this difference in the purity of 
the two sorts, are generally supposed to be of 
such a nature as not to be removed or mo^i^ 
fied; stream tin alone, as it is said, being fit 
for the production of grain tin, and the quan- 
tity of grain tin being necessarily Umited by 
the supply of that fuel which is peculiarly 
^adapted.to it. 
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This, I believe^ is the popular opinion^ and 
with all the respect which is due to it^ I am 
nevertheless disposed to think that it is falla* 
cious. 

For although it be true that the produce of a 
blowing-house must necessarily depend on the 
supply of that sort of fuel which is tit for it ; 
yet it is by no means clear that coak may 
not be substituted for charcoal^ and that block 
tin may not be converted by a process of re- 
fining into grain tin 

I was led to form this conclusion by a short 
view which I took of the operations in a blow- 
ing-house in the autumn of i79L 

It appeared to me that as tin was specifically 
lighter than most metals, and more fusible than 
most, some advantage might be taken of these' 
two combined circumstances to refine even the 
impurest mixture of tin by precipitation 

As 1 had no opportunity of submitting my 
^deas to the test of experiment, the observa- 
iions which I drew up and communicated to 
my friend, Mr. William Gregor, would have 
remained in that oblivion * which results from 
a pursuit long since abandoned, had I not been 
informed that the attention of this Society was 
by no means exclusively directed i6 an »object 
(the mineral history of Cornwall) which, under 
the direction of i(^ zealoul^ and enlightened 
secretary, it was so well calculated to promote ; 
but that no hint n^rhich might be Offered for the 
improvement of tho mining and ibetallurgical 
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opemtiohs of this county^ would pass unre- 
garded. ' 

The question^ indeed^ whether block tin may 
be refin^ in the way that I have suggested^ is so 
intimately connected with the interest of Corn- 
wall^ that I need no apology for submitting to 
the Society the result of my imperfect endea* 
vour to answer it. 

It is fair^ however^ in this place to state^ that 
.1 found I had been anticipated in the ideas 
which suggested this improvement, by two 
very able French chemists, Messrs. Bayen and 
Charlard, who, in the course of their enqui- 
ries into the caiises of those poisonous effects 
which were ascribed in Prance to the use of 
.pewter, made the following observations on the 
quality of our Cornish tin. 

Messrs. Bayen and Charlard found the West 
Cornish grain tin, the Banca tin, and the 
Malacca tin, to be equally malleable ; and 
that they could be bent a long while in differ- 
ent directions without breaking. They pos- 
sessed this flexibility and softness to such a 
degree, that tin alloyed with the minutest por- 
tions of arsenic could not be put into any sort 
of competition with them. Bayen affirms that 
these three sorts of tin are pure, i. e. free 
from all natural and artificial admixture, and 
as perfectly equal in this respect, as gold of 24 
carats, or silver of 8 ounces, from the Euro- 
pean or South American mines. 

On the other hand, Geoffiroy observes of the 
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block tin, that it varies in fineness in different 
parts of the same block ; '^ the upper part, he 
says, is very malleable, and so pliable as not to 
be fit for working before it has had a mixture 
of copper in the proportion of 3, and some- 
times of 5 lb. in the cwt. The middle part of 
the block is harder^ and requires only 2 lb. in 
the cwt. and the bottom part is so brittle as to 
require lead before it can be worked.'' 

This perhaps gave occasion to the common 
opinion in Prance, that the exportation of pure 
English tin was prohibited, and that a certain 
portion of alloy was prescribed by law. 

The observation of GeofTroy induced Mr. 
Bayen to express a wish to procure more infor- 
mation concerning the smelting of tin in Corn- 
wall. '' For instance,'* says he^ '' whether the 
English have any other means of producing 
pure tin than the separation of the upper part 
of these blocks^ and whether merely for the- 
reason cited by GeofFroy, they add a portion of 
copper and lead. Does not the precipitation 
of a heavier substance to the bottom o f the 
nvass, and this spontaneous purification of it, re- 
quire a more circumstantial explanation ? And 
may we not suppose that some time is required 
to effect this separation, and even the art of 
preserving the moulds hot to a certain degree, 
in order to prolong the fluid state of the metal; 
by which means the extraneous and more Jjieavy 
substances are completely separated from the 
upper part of the block, less completely from 
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the middle part, precipitated to tihe bottom^' 
and there fixed by refrigeration.'* 

Mr. Bayen suspects this to be the most secret 
part of the process of tin -smelting in Cornwall^ 
and confirms the idea of the spontaneous pre- 
cipitation by some experiments of his own. 

After holding several masses of tin 24 hours 
in fusion^ he invariably observed that all those 
which contained copper, bismuth^ and lead^ 
contained tin of two kinds at least. The upper 
part held little of this mixture, the lower much. 
He was assured by the pewterer, in answer to 
his enquiries, that sometimes after smelting a 
considerable quantity of tin at once, they found 
at the bottom of the mass some pounds of the 
metal so brittle as not to be fit for use. To 
^prevent which separation from taking place, 
they were accustomed to stir it gently round 
from time to time, during the fusion, with the 
iron ladle with which they afterwards pour it 
into the moulds. 

With the same view to preserve an equal 
mixtuie in the mass, I have observed that the 
Saxon blowers do not pennit it to subside in a 
mould like other metals, but after a careful 
stirring of the fluid tin in the float, pour it 
over a broad sheet of iron, where it instantly 
coagulates in the form of a thin plate. 

The above-mentioned observations shew how 
quickly the precipitation of the heterogenous 
metals takes place, and how early it must have 
occurred to the rudest empiric that some use 
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might be made of it. Accordingly^ this prin- 
ciple seems tq have long been the basis injsome 
measure of the process of refining grain tin in 
Cornwall^ althotigh unfortunately^ from a total 
want of science^ and a blind adherence to tra- 
ditionary practice^ tiie Cornish blower has not 
availed himself of it, to the extent to which he 
might have carried it^ as will appear from the 
following account of his process. 

The Cornish refiner teams the metal from the 
float into a cauldron of cast iron, and main- 
tains its fluidity by a small fire beneath^ du- 
ring the space of four hours. During^ this 
tiihe, green branches previously attached to 
the bottom of the kettle by a mechanical con- 
trivance, produce a great ebullition in the 
fluid mass. 

At the end of three hours, the wood being re- 
moved, the ebullition ceases, and the mass is 
suffered to rest one hour, in which time the 
heavier parts of the fluid subside. The upper 
part (about ^) is then carefully laded off and 
poured into moulds. 

It is difiicult to conceive what good effects 
in the purification of the mass, so long a heat 
and this ebullition can produce. It appears 
then, that the principles upon which the pro- 
cess ought to be founded, are yery imperfectly, 
if they are at all understood by the Cornish 
refiner. The true process, as I have already 
pbserved, is a precipitation which sponta- 
neously takes place in every mass of fluid tin 
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inrlucli contains an admixture of other metab^ 
in ccMisequence either of their greater specific 
gravity^ or of the greater degree of heat 
which is necessary to keep them in a state of 
fluidity : those metals which cannot be sepa* 
rated from tin by the difference in their specific 
gravity aloue> (as is the case I believe with 
sine) being readily precipitated by refrige? 
ration. 

It is well known^ in fact, that tin longer re« 
tains its fluidity than almost any other metals 
and that most metals are heavier in a fixed 
than in a fluid state. This last is the Case, ac* 
cording to Reaumur^ with silver, copper, lead^ 
and tki ; for if you cast into a mass of either in 
fusion 1^ piece of the hard metal, it will imrne** 
diately sink to the bottom. But it is nbt the 
case^ I believe, either with iron or with anti- 
mony : for. whatever may be the law of dila- 
tation by heat in fluid metals, their greater or 
less solidity, when fixed, must depend in some 
measure- upon a certain crystalline arrange- 
ment which the particles assume at the moment 
of coagulation. Now antimony rarely, if ever, 
occurs in the mixture wHich is exposed to fu- 
sion ; and the specific gravity of iron com- 
pared with that of tin, is, according to Sir 
Humphry Davy, (vide his Chemistry) as 7.70 
. to 7.S9 ; and th^ difference must be greater 
when both arise in a fluid state, as iron ex- 
pands while tin contracts by setting. It fol- 
lows therefore from all these cpnsiderations. 
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that a partial application of heat to the superior 
parts of the fluid mass, if it could be effected^ 
and a partial removal of it from the lower and 
impurer, iqust greatly promote this precipita* 
tion of the heterogeneous metals*. 

I proceed now to consider in what manner, 
a process which is founded on these principles, 
may best be carried into effect. 

1st. — In order that a more complete division 
of the different qualities of the mass may take 
place^ I propose that the refining vessel should 
be of a higher and a more narrow form than 
that which is at present in use : for if we sup- 
pose the sides of this vessel to be exposed to an 
equal heat^ the degrees of this separation will 
extiend in proportion to the protraction of the 
cylinder. 

2dly. — The fire should be applied not to the 
bottom of the vessel as at present^ but to its 
whole circumference. 

" It appears to me that this is a necessary con- 
sequence of the alteration in the form of the 
vessel ; otherwise, the metal, although fluid at 
bottom, might have a tendency to coagulate at 
top, where, in order to facilitate the precipita- 
tion of the heavier and heterogeneous parts, a 
greater degree of fluidity ought to prevail. 

3dly. — It would greatly conduce to the suc- 
cess of the preceding operation, if the diameter, 
of the vessel were made gradually to diminish 

* This is precisely Uie reTcrse of the process of eU<« 
quatiou. 
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from the bottom to the orifice, by which means 
the upper part would be exposed to the nearer 
action of the fire. The duration of the fluidity 
depends on the degree of purity of the mass^ 
and may be regulated by experiments. 

4thly. — In order to enable the refiner to draw 
off the purer parts of the mass without dis- 
turbance, I would recommend that tap-holes 
should be applied at difierent elevations^ to the 
sides of the cylinder. 

5thly. — Previous to the tapping, the external 
heat should be diminished, and a gradual re- 
frigeration take place from the bottom to the 
surface of the mass, the different qualities of 
which may be tapped off in succession. 

Having had no opportunity of submitting to 
the test of experience the process which I here 
recommend to the notice of practical men, I am 
well aware of the possibility that the result may 
prove somewhat different from what is here 
contemplated. 

Some causes of obstruction may arise from 
the attractions of metals to each other in a 
fluid state, not being perfectly understood. 
Some metallic mixtures too possess a less de- 
gree of density than might be inferred^ by cal- 
culation, from the density of the several in- 
gredient!^. It is true, likewise, that tin most 
readily unites with iron, and dissolves it in a 
heat far les9 than that in which iron by 
itself melts : it will consequently retain the 
iron longer in fusion. I suspect too that the 
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contraction which is usually the consequence 
of a metal passing from a fluid into a fixed 
state, must depend in some measure upon the 
period of refrigeration. The following useful 
remarks on this process are contained in ' a 
letter from Mr. Wm. Gregor, of the date of 
1793. *' I should think that experiments on 
the alloy of iron and tin would be useful^ iA 
order to discover the maximum of iron which a 
given quantity of tin wonld take up. 1 should 
also like to know, whether, in a long perpen- 
dicular cylinder of tin which is alloyed with 
iron, and kept in diflerent heats, the specific 
gravity increases in any determinate ratio, ad^- 
<:ording to the distance from the surface, and 
at what distance is the maximum. As the iron 
over and above the quantity which tin can take 
up in a heat that will keep it in a melted 
state, is only kept from precipitation by the 
friction which its particles meet with in their 
descent, would any mechanical motion, such 
as a smart concussion, communicated to the 
melted mass, contribute in any way to the 
further descent of the particles of iron V' 

On consulting the very elaborate work on iron 
by Rinman, I found that the dissolution of one 
part of raw iron requires 22 parts of tin, and 
that this mixture is somewhat harder'than tin. 
He says too, that sulphur much facilitates this 
combination, i.e., it enables portions of each 
metal more nearly equal, to unite ; and that 
the same effect is produced by arsenic in a re- 
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gotmeslal^ wben added to the mixture of the 
twometak. 

Accoffding to Rinnmn^ the change ^whidi is 
most obsoTYBUe in tm which is alloyed with 
the least portion ai iron^ is, that it does not 
crackle when bent. An easy trial too of its 
purity may be made by its flexibility; for 
small round bars oi tin, a line in thickness and 
six inches long^^ may be bent 80 times back- 
wards and forwards in an angle of 90 degrees, 
without breaking. 
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XVIII. — On the Introduction of the Steam 
Engine to the Peruvian Mines. 

By henry BOASE, Esq. 

TREASURER TO THE SOCIETY* 

(Read at the AnniTersary Meeting, Sept. 1817.) 



.z\.S the introduction of Cornish machinery 
and Cornish intellect to the Spanish American 
mines, hitherto interdicted to foreigners, will 
probably form a remarkable epoch in the his- 
tory of mineralogy, some notices of that sin- 
gular event, may perhaps be deemed worthy 
of record in the annals of the Cornwall Geolo- 
gical Society. 

Occurrences triyial in themselves^ and appa- 
rently fortuitous, sometimes lead to important 
results. Among the captains, or foremen^ of 
our Cornish mines, there are not a few, wbo, 
in addition to great skill in practical mining, 
attain to much mechanical knowledge and iii- 
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genuity. Captain Richard Trevithick, of Oam- 
borne, is one of that superior class of miners^ 
and one whose talents and attention had been 
long employed in plans to increase the power 
of the steam engine. He so far succeeded as 
at length to obtain' a patent for his invention. 
In the mean time he had constructed a working 
model of his high pressure engine, which was 
so perfectly finished, that it found its way to 
London as a cabinet curiosity. 

About the same period, a native of Switzer- 
land, M. Frahgois Uville, had found in Peru 
some of the richest mines falling into decay, 
or totally drowned from the impossibility of 
draining them by manual labour ; and hearing 
also that these mines were richer in silver ore 
than those of Mexico, he conceived the idea of 
introducing the steam engine, and determined 
to make the requisite enquiries when he re- 
turned to Europe.^ It appears that he came to 
London in the. year 18H, but met with no en- 
couragement to pursue his plan, on account of 
the impossibility, as it was thought, of trans- 
porting such ponderous materials several hun- 
dred miles over mountains inaccessible to any 
species of wheel carriage ; and also from the 
inefficacy of steam in an atmosphere so rare as 
that on the elevation of the Peruvian Cordil- 
leras. About to leave England in despair of 
accomplishing his great object, and passing by 
Fitzroy-square, he accidentally saw the model 
of a steam engine exposed for sale in the shop 
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of a Mr. Roland. He examined it, and being 
struck with the simplicity and excellence of the 
principle and construction, he purchased it at 
the price of twenty guineas. This was the 
Trevithick model. Mr. Uville took it to Lima, 
and hastened to try its effects on the highest 
ridges of Pasco. The experiment so convinced 
him and others of the adequacy of its powers 
and the practicability of conveying the ma^ 
chinery in parts, that on the ^7th July, 1812, 
he formed an association with Don Pedro 
Abadia and Don Jos^ Aresmendi, opulent mer- 
chants of Lima, for the purpose of contracting 
with the proprietors of the flooded mines. 
The marquis de Concordia, then Viceroy of 
Peru, approved the plan, and, under his pro- 
tection, the new company entered into con- 
tracts to draw several of the principal mines> 
for certain shares of the gross produce of ores, 
making an average ratio of 25 per cent, or one 
fourth of the whole. These contracts were 
made in the month of August, 1812, and in 
pursuance thereof Mr. Uville again embarked 
for Europe, and reaching Jamaica, he took his 
passage to Falmouth in the Fox Packet, Capt. 
Tilley, which arrived in the early part of the 
summer, 1813. Mr. UviUe's mind was too 
full of the flattering expectations which his 
scheme inspired, not to T^e making frequent 
enquiries among his fellow passengers about 
mhies and engines. One day conversing on 
this favorite subject with a Mr. Teague,^ aud 
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expressing an anxious wish to find out^ if pos- 
sible, the author of the model he carried to 
Lima, he was most agreeably surprised to hear 
Mrl I'eague reply : '* Mr. Trevithick is my 
near relative, and within a few hours after oilr 
arrival at Falmouth, I can bring you together.*' ^ 
It so happened accordingly, and in conse- 
quence Mr. Uville resided several months with 
Capt. Trevithick at Camborne, and was by 
him instructed in the practice of minings and 
in the management of machinery. 

After acquiring much practical information 
in Cornwall, Mr. Uville, accompanied by Mr. 
Trevithick, visited other mining districts, and 
London. He was introduced by a scientific 
gentleman, Mr. Campbell, of the East India 
House, to Messrs. Bolton and Watt, as being the 
first steam engineers in the universe. He ex- 
plained to those gentlemen the elevation of the 
mines, and the mountainous precipices to be 
surmounted, and they were of opinion that 
it was not possible to attain the object in con- 
templation. 

Notwithstanding the weight of a decision 
from such high authority, Capt. Trevithick was 
not deterred from the pursuit. He applied his 
mind intensely to . some improvement of his 
high pressure engine, and, having succeeded, 
he entered into an engagement with Mr. Uville> 
on the 8th of January, 1814, to provide tlie ap- 
paratus for nine engines, which cost about 
j£ 10,000. and were dispatched by the ship Wild-. 
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inaii> ^hich sailed from Portsmouth on the 1 st 
September^ 1814, accompanied by Mr. Uville 
and three Comishmen, namely, Thomas Tre- 
varthen of Crowan, Henry Vivian of Camborne, 
and William Bull of Chasewater, to direct the 
erection of the machinery, permission having^ 
been granted by the British governnient. They 
arrived safely at Lima, and were welcomed by 
a royal salute, and public rejoicings. Such 
however are the almost insurmountable diffi- 
culties to the transport of such heavy materials, 
that it was not till the middle of the year 1816 
that the first steam engine, ever seen in South 
America, began to work. ^ 

Great ceremony, it appears, was observed 
on the occasion, and the most distinguished 
honors vouchsafed by the viceregal govern- 
ment. The official deputiation appointed to 
superintend this new and very extraordinary 
operation, made a report to his excellency the 
Viceroy, conceived in the high sounding style 
of Spanish diplomacy, This report was pub- 
lished by authority in the Lima* Gazette of the 
loth August, 1816. '' Immense and incessant 
labour,'' (they say) '^ and boundless expense,^ 
have conquered difficulties hitherto esteemed 
altogether insuperable ; and we have, with 
unlimited admiration, witnessed the erection, 
and astonishing operation of the first steam 
engine. It is established in the celebrated and 
royal mineral territory called the mountain of 
Yatlricocha^ in the province of Tarma ; and 



«"^<PMWHViiM«HHVN^ 



Cflpl. Tr€vithick*8 Adventure. 217 

we have had the felicity of seeing the drain of 
the first shaft in the Santa Rosa M ine^ in the 
noble district of Pasco." *' We are ambi* 
tious '' (they continue) " of transmitting to 
posterity the details of an undertaking of such 
prodigious magnitude^ from which we antici* 
pate a torrent of silver, that shall fill surround- 
ing nations with astonishment." They thea 
go on to name a number of individuals on 
whom '^ the eternal gratitude of all good 
Spaniards/' is invoked; and it is somewhat 
remarkable that the only Englishman men- 
tioned by name in this list of worthies^ is 
Mr. Bull! 

In the mean time Mr. Trevithick had been 
employed in providing further supplies of eur 
gines^ considerable quantities of coining ap^ 
paratus for the royal Mint of Peru, and also 
furnaces for purifying silver ore by fusion ; an 
experiment, which will be, if it succeeds, of 
incalculable advantage to the American mines, 
as amalgamation becomes more and more ex- 
pensive and limited, by the want of quicksilver. 
This second cargo of machinery was sent by 
the ship Asp, a South- Sea Whaler, which sailed 
from Mount's Bay on the 20th of October last, 
and, after a quick voyage, arrived at Lima on 
the 6th of February. Mr. Trevithick went out 
in this vessel^ accompanied by Mr. Page, of 
London^ Attorney-at-Law^ and James Sanders, 
an Engine-maker, of Camborne. He was im^^ 
mediately presented to the Viceroy ; was most 
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graciously received; welcomed by the most 
flattering attention of the inhabitants ; and his 
arrival was officially aimounced in the Lama 
gazette of the 12th February. By this gazette^ 
public notice was given of the completion of 
the second engine^ said to be fs(r superior in 
size and beauty to the firsts with a detail of 
the wonderful effects produced ; and announcing 
the reception of some parcels of ore of extra- 
ordinary richness^ raised from the mines thus 
restored by the operation of the steam engines ; 
and continues thus — '' To this agreeable intel- 
ligence we have the happiness to add that of 
the arrival of the British ship Asp, from London^ 
havilig on board a large quantity of machinery 
consigned to the royal Mint of this City^ and 
for constructing eight engines equal to those 
already erected on the Santa Rosa and 
Yauriacocha Mines in Paseo, with this ad- 
vantage^ that they are of the latest improve- 
ment. But that which is of still greater im- 
portance, is the arrival of Don Ricardo Tre- 
vithick, an eminent professor of mechanics^ 
machinery an(| mineralogy, inventor and con- 
structor of the engines of the last patent^ and 
who directed, in England, the execution of the 
machinery now at work in Pasco. This pro- 
fessor, with the assistance of the workmen who 
accompany him, can construct as many engines 
as shall be wanted in Peru, without the neces- 
sity of sending to Europe for any part of these 
vast machines^ The excellent character of 
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Don Ricardo^ and his ardent desires to pro- 
mote the interests of Peru, recommend him 
to the highest degree of public estimation^ 
and make us hope that his arrival in this 
kingdom will form the epoch of its prosperity, 
through the enjoyment of its internal riches, 
which could not be realised without such assist- 
ance^ or if the British government had not 
permitted Ike exportation from England ; an 
object hitherto deemed unattainable by all who 
know how jealous that nation is of all her su- 
perior inventions in the arts or industry," 

It is to be observed, that the engine which 
has obtained such singular celebrity in South 
America^ is on the principle of Capt. Tre- 
vithick's improvement, whereby he sought, 
through intense heat, to impart a greater 
elastic force to the steam, and which is neces- 
sary to its application in the rare atmosphere 
of very ejevated. regions : a result however npt 
at all in contemplation when he was studying 
the improvenient. 

So much importance was attached to Mr, 
Trevithick's personal superintendance, that 
the Viceroy ordered the Lord Warden of the 
mines to escort hitn with a guard of honor to 
the mining district, where the news of his 
arrival in America caused the greatest re- 
joicings ; and many of the chief men came to 
Lima, a distance of many days journey over the 
mountains, to welcome him. Mr. Uville wrote 
to bis associates^ '' that heaven had sent him 
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out for the prosperity of the mines ; and that 
the Lord Warden proposed to erect his statue 
in massy silver/' In this narrative of incidents, 
almost romantic^ it is not the least to be re- 
marked^ that a Cornish miner should be found 
superintending the Royal Mint of Peru. Such, 
it appears, is the fact ; and that Mr. Trevi- 
thick had also been direct€4 to use his endea- 
vours to increase the powers of the coining 
machinery six fold : a circumstance which '* 
shews the confidence of the government in ob- 
taining a va^ increase of the precious metalsv 
It was necessary to augment the power of a 
water wheel : but the means of so doing were 
to be found only within the enclosure of a con- 
vent of one of the strictest orders, into which 
it was not permitted for any male, (except the 
father confessor) on any pretence, to enter. 
The officers of the Mint, having before made 
every effort to obtain access, were so con- 
vinced of the utter impossibility of succeeding, 
that they could not be induced to renew the 
application. That which the strong arm of 
power had failed to do, Mr. Trevithick accom- 
plished ; ar^d the triple doors were unbarred to 
a layman, a foreigner, and a heretic. Probably 
he had not yet learnt the fearful respect with 
which these consecrated retreats are regarded 
by the natives ; and unaccustomed to shrink 
from difficulties, he resolved to go straight for- 
ward, and boldly ask admission. Whether 
the novelty of sueh a visit, or a curiosity to 
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see the celebrated ftranger^ removed the in- 
terdict, does not appear: entrance however 
was obtained ; and the manner and result 
cannot be so well told as in his own words. 
'' Without the knowledge of Don Abadia, or 
any one except Mr. Page and my interpreter, 
I walked up, without seeming to know there 
was any objection to admit men, and rung the 
bell at Uie outer doon A female slave came 
to the grate, to whom the interpreter told my 
name and business, which she carried in, Pre- 
sently three aged nuns appeared, and said { 
could not be admitted. I informed them that 
I had come from England for the purpose of 
improving the Royal Mint, and could not pro- 
ceed without examining and measuring the 
water-courses. They then retired, and, after 
consultation, we were admitted, conducted 
over the premises, and shewn the chapel and 
other places without reserve.'* 

The latest accounts left Capt. Trevithick in 
the enjoyment of increasing distinction, and a 
flattering prospect of great wealth : having, in 
addition to his emoluments as patentee and 
engineer, one-fifth part or share in the Lima 
Company, from which, it is said, on a mode- 
rate computation, £100,000. per annum may 
be expected. His great influence in the coun-^ 
try, his zeal for the prosperity of this Society, 
and the promises, repeated since his arrival in 
Peru, joined to his knowledge of mineralogy, 
will enrich our cabinets with a more splendid 
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and instructive series of South American spe- 
cimens than has yet reached Europe. 

These notices of the extraordinary fact, of 
Cornwall stretching out the beneficient hand of 
science, to the remotest regions of the earth, 
will excite, perhaps, different feelings and an- ' 
ticipations in the mind of 'the statesman, the 
.miner, and the merchant ; but the philosopher 
will rejoice in the diffusion of useful kno#- 
lege. He will hail with pleasure every approach 
to that free international communication of the 
benefits peculiar to each, which the best of 
men have wished, and the wisest recommended. 
In this instance we see the barriers of national 
jealousy and religious bigotry yielding to the . 
force of truth. We have seen the unprece- 
dented phenomenon of a Lima gazette ex- 
tolling the superior attainments of foreigners, 
and the liberality of the British government, 
for imparting the benefits of our improve- 
ments. 

Whether '* the torrent of silver,'' which the 
Peruvian viceregal deputation so confidently 
anticipate, will produce effects analogous to 
those experienced in Europe by the great in- 
flux of the precious metals in the I6th cen- 
tury, and accelerate the march of improvement 
in art and sciencfe, may form a subject of cu- 
rious speculation. To a scientific society, it 
must always be pleasing to contemplate the 
progress of instruction : but at. the same time 
it will be the cause of regret to the Members 



CajA. Trevithicies Adventure. 22S 

of this Institution, that it may still be saad, 
' Cornwall has no school of mines — no pro- 
fessor's chair — no suitable encouragement to 
promote the pursuit of mineralogical science/ 
Shall we wait to be taught the value of such 
establishments by the half-peopled^ half-civi- 
lized wilds of America? — ^I hope not. 



XIX. — Miscellaneous Notices of Facts, con- 
nected with the Mineralogical, Geological, 
and (Economical History of the County of 
' Cornwall. 

(Eittracted from the Minute Book of the Society. ) 



I . — KuPFER-NlCKEL. 

K.UPFER-NJCKEL has lately been raised 
from a mine called Pengelly, in the parish of 
Saint Ewe, at about twenty-five fathoms be- 
low the surface ; the lode runs east and west> 
and is about seven inches in thickness. This 
mineral may have been discovered before in 
some of our copper mines, but if I may trust 
to the result of my enquiries on the subject, it 
is of very rare occurrence; the cabinet at 
Menabilly never contained a single specimen ; 
this point is dwelt upon because Professor 
Jameson places Cornwall the first upon the 
list of the habitats oi kupfer-nickel ; whence 
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y^e might conclude that it was met With very 
frequently. 

There is one curious circumstance apper- 
taining to the ore^ viz. that it assumes a dif- 
ferent colour and external appearance; it is 
not tiie bronze-red ore only which contains 
nickel^ but that portion of it also which has 
the semblance of arsenical pyrites ; a fragment 
of it well roasted leaves a green oxide> whence 
we are led to infer that the arsenic . and nickel 
which form the alloy^ if alloy it be^ in this ore^ 
Tary in their relative proportions. 

William Gr£gor« 



11. — Cavern in Dolcoath Mine. 

In November of 1814^ a large cavern waft 
discovered in the principal vein in Dolcoath 
copper mine^ at the depth of one hundred and 
seventy fiithoms from the surface ; it is remark* 
able on account of its dimensions^ being the 
largest ever found in the county : its form was 
very irregular^ from eighteen to twenty fathoms 
in lengthy three fathoms high^ and from four to 
i^ine feet wide; in the lower part^ and wedged 
between the walls^ there are several rocks^ be- 
tween which are spaces which communicate 
with other cavities below. The air is con- 
taminated with large quantities of fixed air> 
and extinguishes flamd. The country in which 
this cavern occurs is slate. 

John Ruijs^ 
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III.— Stalactites. 

At the forty fathom levels in the rhine called 
'' Little Bounds/' at Cape Corawall, a drift 
has been carried a considerable distance under 
the sea ; the agent, Mr. Chenalls, observed in 
this spot that there was a continual formation 
of stalactites. Dr. John Davy and Mr. Ma- 
jendie, in consequence of this report, visited 
the spot ; it had been closed for two years pre- 
viously, and before it was shut up Mr. Chenalls 
had carefully removed all the stalactites which 
then existed. Upon examination, it was ob- 
served that a considerable formation of fresh 
stalactites had taken place during the interval 
just stated ; some were eighteen inches in 
length, and about one inch in diameter. The 
stalagmites directly underneath them are of 
much larger dimensions ; both have the same 
yellowish brown colour, and consist of oxide 
of iron. Dr. Paris has suggested that they are 
the result of decomposed pyrites, which form 
in the first place a sulphate of iron, thai gra- 
dually loses its solubility by peroxidation, and 
is deposited in the form and jiiaimer which is 
here discovered. 

A. MaJ-£NDI£. 



I V,-— Gregorite ( Menacchanite) discoverbo at 

Lanarth. 

Some sand was lately sent to me by Colonel 
Sandys, from his estate at Lanarth^ in the 
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parish of St Keverne : he stated that it was 
taken from a stream of water which ran near 
his house^ and that any quantity of the sand in 
question might be obtained^ if required. Its 
external characters were sufficient to convince 
me of its nature. I nevertheless submitted it 
to experiment,, and immediately proved that it 
was the ore of titanium, in which Mr. William 
Gregor first detected the existence of that 
metal, and to which the name of menacchan- 
ite has been given. Collectors will be glad 
to hear of this discovery, for specimens of the 
mineral were becoming scarce, from the ex- 
haustion of the original stream at Tregonwell 
Mill, whidbi has hitherto^ I believe, been its 
only Cornish habitaf. 

John Ayrton Paris. 



v.— Formation of a Substance, resembling 
Gneiss, taken from a Steam Boiler at Huel 
Alfred. 

The specimen which I am about to describe 
was given me by Captain John Davy, a zealous 
and intelligent ^associate of the Society ; it was 
broken from the interior of the large boiler of 
the steam engine, erected on Huel Alfred. From 
its structure and appearance it is impossible 
to infer its artificial origin, and several of v^y 

p 3 
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geological friends have been puzzled to know 
to what class of rocks it should be referred. 
It resembles gneiss more nearly than any other, 
and in one specimen, metallic veins^ may be 
actually seen penetrating its substance. 

The formation of this substance is to be ex- 
plained in the following manner. The water 
which fed the boiler was derived from the 
deepest part of the mine, and contained many 
mineral substances, both in solution and me- 
chanical suspension; by gradual evaporation 
the fonner bodies were deposited, as a crust in 
the interior of a kettle, entangling witli them 
fragments of mica^ and of other substances 
•which were floating in the water of the boiler. 
In this manner the formation of tire earthy 
crust may be easily comprehended — ^but how 
can the appearance of metallic veins be ex- 
plained ? with equal ease and truth. After the 
deposition of the stony matter, the working of 
the engine was suspended for several months, 
during which interval the crust dried, and of 
course cracked ; upon its being again set to 
work, the water was derived from a different 
part of the mine, and contained pyritical and 
other metallic impurities, which were deposited 
in the Assures, and upon the surfetce of the 
former crust. I have another specimen which 
~w«s p re s e nted by Captain Hodge, a duplicate 
of which is in the cabinet of the Society; in 
this the fissures are filled with crystals of sul- 
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pkate of lime. I have already noticed it in my 
paper upon a '^ Recetit Formation of Sand- 
stone.'* 

John Ayrton Parii. 



VI. — ^A WEW Substance^ found accompanying 

'^ Welsh Culm." 

The species of coal known by the name of 
culm, '' Glanz Kohle," is imported on account 
of its purity, for the purpose of smelting tin, 
Mr. William Gregor informed me, shortly bcr 
fore his death, that he had observed amongst 
the heaps of this coal, lumps of a much more 
dense texture, and which were perfectly un- 
inflammable. In order to decompose it, he 
powdered it, and added twice its weight of 
nitrate ofbarytes, and subjected it to heat in . a 
platina crucible ; when, to his great astonish^ 
ment, a violent detonation took place, accom: 
panied with a copious evolution ofprussic acid 
vapours, and upon examination he found the 
residue in the crucible to consist of the prus^ 
siate, and carbonate qf barytes* Since Mr. 
Gregorys death, I have examined liis chemical 
memoranda, and am thereby enabled to ex- 
tract the following facts. From different ex.- 
periments, the specific gravity of this substance 
appeal to be 1,637. Fifty grains of the coal 
were mixed wi^ SQO of nitrate of bctrvtcs. 
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reduced to powder, and placed in a platina 
crucible, which was set in a common fire ; be- 
fore the crucible became red hot, a violent 
•detonation took place, with the disengagement 
of a brilliant light and vivid heat, which ren- 
dered the crucible knd its cover red hot; a 
porous light greyish mass, mixed with black 
streaks, remained, which smelt of prussic acid ; 
this was separated from the crucible and pul- 
verized, when it was introduced into a matrass. 
Muriatic acid operated upon the powder, and 
a considerable qtiantity of an elastic fluid was 
disengaged ; the solution assumed a dark blue 
colour, and a very light powder was suspended 
in it, resembling Prussian blue. It was poured 
oflf with the fluid, and the remainder was a 
portion of the undecomposed mineral, which, 
when dried, weighed 231 grains. This resi- 
duum was mixed with 100 grains of nitrate of 
bart/tes, and treated as before, when a detona- 
tion again took place, but with less energy, 
a greyish mass remaining, which was treated 
with muriatic acid as before ; there was now 
no blue powder separated, but the lixiviated 
mass became opaline, the undissolved residuum 
now weighed 161^ grains; this was again mixed 
with 50 grains of the nitrate of barytes, a brisk 
. detonation and vivid flame were produced; in 
this case the vessel was exposed to a stronger 
heat than before, and on the addition of mu- 
riatic acid, a blue powder was again separated, 
when the undecomposed residue was edul- 
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corated and dried ; it weighed 8^^ which was 
mixed with 40 of the nitrate, with the same 
phenomena, and the same separation of a blue 
coloured powder by the effusion of muriatic 
acid; the rci^idue now weighed only 2^ grains; 
this underwent a similar treatment, and after 
this, as not one grain remained undecom[losed^ 
it ceased to be an object of experiment. A 
strong smell ot prussic acid accompanied the 
detonations. 

I can find no farther account of this curious 
discovery ; indeed increasing ill health put an 
end to all the chemical enquiries of Mr. Gregor. 
Imperfect as this notice is, I thought it proper 
to present it to the Society, as it might induce 
some of our members to undertake a farther 
examination, and perhaps to discover an ooco- 
nomical application of the substance to the for- 
mation of Prussian blue ; at all events, I feel 
confident that any extract, however crude, from 
the manuscripts of Mr. Gregor, will b6 respect- 
fully received by every mineralogist in Europe, 

John Ayrton Paris. 



VII. — On Stones and"Clays annually Exported 
PROM Cornwall, for the purposes of Archi- 
TECTUftE, Manufactures, and the Arts. 

It may be interesting and useful to place 
upon record the nature and quantity of the 
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different mineral substances^ not metallic^ 
which are annually exported from this county. 
I have learnt the following particulars upon 
this subject, and scanty as they may appear^ I 
am willing to present them to the Society, as 
an example to stimulate others to exertion, 
who have better opportunities for enquiry, and 
more numerous .sources of information. The 
total quantity of granite shipped at Falmouth 
during the last seven years, amounts to Forty 
Thousand Tons; it has been employed for 
building the docks at €hatham, and the 
Waterloo Bridge in London. The lands in the 
vicinity of Penrhyn have furnished it ; indeed 
the quantity actually quarried has been con- 
siderably greater, for many of the blocks, in 
consequence of being damaged, have been 
condemn^d^ and sold at a low price to the in- 
habitants for building and other purposes. 
The number of men generally employed in 
quarrying it, is about four hundred : their 
wages from twelve to eighteen shillings per 
week, varying with the quantity raised.-^ 
The lord of the soil receives one halfpenny 
9. foot for all that is quarried ; the freight dur- 
ing war was as high as 2os. per ton, at present 
it is only 1 6s, Fourtee9 pubic feet weigh one 
ton. Th^ weight of thp blocks generally varies 
from five cwt. to s^ven tons, With respect to 
the quantity of granite quarried ih every part 
of the county for the purposes of building 
liouses^ constructing bridges^ columns^ gat^ 



\ 
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posts, and a variety of domestic purposes, it 
is impossible to form any estimate. 

The amount of decomposing granite {petunze) 
shipped at Charles Town to Worcestershire 
for the China manufactories, from the 2dth of 
March, 1816^ to the same day in the following 
year, was 2135 tons. That of clay derived 
from its felspar (kaolin) ViHb tons. It is not 
the least curious circumstance in the history 
of these clay works, that whilst Lord Gran- 
ville is receiving, as proprietor^ of the land, 
£700 per annum. Lord Falmouth, for an equal 
portion of land, does not receive more than 
£20. This is to be explained by the value of 
•thfr clay being very different at the periods 
when the leases were granted. The works 
contribute more than £150 per annum to the 
poor. The sum is of course variable. 

The steatite, or soap rock, near Cape Lizard, 
is worked by Mr. Dillwyn of Swansea, for which 
he pays Lord Falmouth, the proprietor, the sum 
of £75 per annum; about twelve tons are 
annually quarried and exported. There are 
also many other valuable blays derived from 
the decomposition of rocks ; and as one of 
the principal labours of this Sbciety is to form 
a statistical analysis of the mineral resources of 
the county, it is to be hoped that some farther 
account of them will be received. 

Near Lelant, 330 tons of clay, derived from 
decomposed schistus, are annually exported to 
Swansea^ for the smelting furnaces. 



I 
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For the purposes of architecture, there ar^ 
likewise many rocks which might be profitably 
and advantageously employed. I shall beg to 
offer a few remarks upon the durable and or- 
namental properties of our porphyry : it would 
furnish a suitable material for the cot>struction 
of a national column. The patriotic county of 
Cornwall has furnished granite for the proud 
memorial of our glory at Waterloo ; let her 
present her adamantine porphyry for a tri- 
umphal pillar to immortaize our qaval. supe- 
riority. 

Sir Christopher Hawkins has furnished me 
with different specimens of porphyry ; that 
from a quarry at Pentuan, near St. Austle, is 
fine grained and durable. Norden mentions 
this quarry of ''fair stone" which was worked 
in his time; about three hundred years since. 
Many of the ancient buildings and churches in 
Cornwall are built of this or a similar stone. 
As a testimony of the durable nature of this 
rock, it may be stated, that the arches and 
cornices in Restormel Castle, which are com- 
posed of it, although built in an early period 
of the British history, are in a high state of 
preservation ; as are the cornices and mould- 
ings at Place House, in Fowey, built in the 
reign of Henry VL which, are of the same 
material. 

John Ayrton P^ris. 
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VIII. — Observations on Gold found in the 
Tin Stream Wobm of Cornwall, 

Commiinicaied in a letter to John Atrton Paris, m.d* kc^ 
by Sir Chkistophek Hawkiks, fisirC. 

I have taken the liberty to send you a few 
specinlenft of gold, which I will beg the favour 
of you to present to the Royal Geological 
Society* 

The gold was found in streaming for tin in 
a moor near the church of the parish of 
Ladock. 

The specimen of gold intermixed with 
quartz appears to have formed a part of^ and to 
have been broken oiF from a lode ; pieces of 
quartz intermixed with gold have not been 
frequently found. The grains of gold con- 
tained in the quills were found in the same 
work. It is now more than twenty years since 
John Kellow and Partners requested my leave 
to stream this moor for tin, and at the same 
time expressed their inability, unless assisted, 
to undertake the expense ; I therefore engaged 
a quarter part of the stream work, and have 
continued it ever since ; and I think I may say 
that, except by the usual dues for land -leave, 
I have neither gained or lost by this adventure, 
in which both gold and tin have been found ! 
Our search indeed extended no farther than 
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by turning over the ancient beds of the river 
for the gold and tin therein contained^ and the 
gold^ when brought to me^ I purchased at an 
adequate price. Other persons more enter- 
prising, might have tried to find ^rom whence 
the gold proceeded — to find a gold mineit! 
To such persons, if there be any so sanguine, 
I will give them this information, that in 
streaming the moor from the south to the 
north, the gold^ probably washed down by the 
river, was not found to the north of a certain 
line ; the lode therefore must cross the valley 
near this line, above which no gold was found 
in an east and west direction. 



IX. — Vegetable Remains in the Basin at 

^ Portleven. 

Communicated in a letter from Rer. JoHif Rogers, Member 
of the Society^ to John A yrton Paris, m.d. 

* 

A few days ago I observed, at the bottom of 
the basin at Portleven, and imbedded in vege* 
table mould; at the depth of from twenty to 
twenty-five feet from the level of the road, and 
a little above low water mark, several stumps 
of oaks and willows, all apparently in situ, 
with their roots extending through the mud. 
I think they must have been about ten feet 
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betow the surface of the sand^ which formerly 
occu^ed the site of the basin> and there must 
have been either a subsidence of the soil^ or 
what seems more probable^ a rise of the sea 
since the period of their growth ; the same 
theory^ whatever it may be, must account for 
them^ and for the stumps of oaks^ mentioned by 
Borlase^ and which are so frequently seen in 
the Mount's Bay. 



X.— -Contributions TOWARDS A knowledge of the 
Geological History of Wood Tin. 

Bt ASHHURST MAJENDIE, Esd. M.R.G.t.c. 

The geological history of the wood tin of 
Cornwall is so obscure^ that perhaps I may be 
eitcused in offering to the Society the few, 
though indecisive hints^ which 1 have been 
able to procure on the subject, in the neigh- 
bourhood of the places where this substance 
has occurred most abundantly in stream works. 
At Trethurgy Moor, near St. Ausjtel, a few 
specimens have been found of what is pro- 
vittcially called toad's eye wood tin ; these con- 
sist of very minute spherical masses of wood 
tin^ the fibres of which radiate from a centre, 
imbedded in a Btone, composed of quartz and 
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cowrae amorphous tourmaline^ (the schorl rock 
of Werner) which rock abounds at Carclase 
and other mine^ in that district^ forming^ large 
veinis in a decomposed granite. These spe- 
cimens have been traced to a certain spot, 
and it is conjectured^ with some probability^ 
that the vein of wood tin is not far distant. 
From the same moor I have seen a single 
specimen of wood tin of considerable size 
imbedded in the same substance as the toad's 
eye tin^ so that in this instance the nature 
of the vein at least is known. At a mine 
worked about seventeen years ago in Lower 
Saint Colombo called Huel Providence^ I was 
informed by the captain that wood tin was 
found in masses a pound in weight in the 
lode, which was what is called among miners^ 
a fiucan, being a vein consisting of clay, in , 
which all the wond ^tn. and the rest of the tin, 
which was the common oxide, were found, not 
attached to the walls of the lode, but imbedded 
in the clay. 

The wood tin of Cornwall is described in 
treatises on mineralogy, as occurring in small 
detached masses in stream works. Of the 
gangue nothing is known, but that sometimes 
a small portion of quartz is attached. Some 
specimens I have lately met with in the vicinity 
of St Austel, afford such information as to 
leave little doubt respecting the geological 
history of this substance. One of these speci- 
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mens from Trethui^ Moor was a portkm of a 
vein having the wall of granite attached. I 
am informed that specimens have been traced 
to a particular spot in the moor where they 
cease to occur. It is probable that the veins 
mighty after some examination^ be found m situ. 
It appears^ therefore, that this variety occurs in 
veins of schorl rock^ traversing granite like the 
common ojJde of tin. 



XI. — NoTICa REIiATIVE TO THE FORMATION OF 

Swimming Stone. 

Amongst a great number of specimens of 
this substance^ which have been discovered 
within a few yesurs past^ scarcely any have 
been found which have exhibited more than a 
skeleton of siliceous matter^ except perhaps a 
little sulphuret of copper. The minuteness 
of the cells, together with the arrangement 
of their plates, are doubtless the causes of 
of its buoyancy on water. It is evident that 
these cells must, at some perio(l or other, have 
been filled with other matter, more easily and 
generally soluble than silex. 

I beg to exhibit to the Society a specimen 
which was some time since found in Pednan- 
drae mine, near Redruth, which appears to me 
to contain a complete illustration of the for- 
mation of swimming stone. This^ speci^ieit 
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seems to have been originally nothing but 
fluor spar^ the parts of which were very loosely 
connected^ as is evident from the fluor which 
still remains. It will be observed, however, 
that almost" all the crevices throughout the 
mass of fluor, are filled by the matter of silex, 
which has been deposited there, perhaps by 
the passing of water through them. 

On one side the fluor has been dissolved, 
and the siliceous matter remains just in the 
^ fonn in which it .appears in the swimming 
stone. 

It is well known that sulphuric acid has the 
power of disengaging the fluoric acid in the 
state of gas. Whether, therefore, this acid 
gas, by its action on the silex, could have pro- 
duced the peculiar appearance of the swimming 
stone, 1 presume not to decide. 

The mines which have produced the swim- 
ming stone in the greatest quantity, are Relis-^ 
tian in Gwinear, and Huel Alfred in Phillackj, 
neither of which is now at work. In the for- 
mer mine was found a still rarer substance : 
swimming sulphuret of copper, which I believe 
has not been found any where else. 
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XII. — The following notice was received when 
the printing of this Volume was nearly com- 
pleted. 

My communication on Elvan Courses (see 
page 96), was written nearly two years ago. 
There is a remark in it which intimates that 
the underlie of those courses is almost always 
in the same direction as that of the adjoining 
strata. Since that period I have learned that 
there are several elvan courses in Cornwall, 
(the particulars of which will probably be 
given in another communication to the So- 
ciety), whose underlie is in a contrary direc- 
tion. I shall therefore be glad, if my paper be 
not already printed, to alter that remark ; or 
if it be printed, that this note should be inserted 
among the notices at the end of the volume 
now printing. 

Joseph Carne. 
Riviere^ May 2, 1818. 
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QUERIES 

Proposed to Captains of Mines, and other per- 
sons connected with the practical part of 
Mining. 

Bt JOHN HAWKINS, Esq. f.r.8. &c. 

MEMBER OF THE SOCIETY. 



XHE following queries were put into the 
hands of the most intelligent captains of our 
mines^ in the yeiars I79I — 2. 

As they were drawn up for the purpose of 
obtaining the best information respecting the 
phenomena of mineral veins, which could be 
collected from that class of persons; it was 
necessary to adopt a language which they 
could understand, t. e. to make use of provin- 
cial terms that could not be easily misunder- 
stood. It was moreover necessary to have in 
view all the circumstances, usually occurring 
in the natural history of our Cornish lodes^ and 
those only. 

I was enabled to accomplish this, by the 
examination of some of our most r^fnarkable 
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mines during^ the years 1790 — 1. The queries, 
however, which I subjoin, may be regarded as 
the practical result of a much longer attention 
to the subject, begun in Saxony under the 
guidance and instruction of Werner, and con- 
tinued in Bohemia and Hungary. 

The answers which I obtained from the per* 
sons, to whom the first series had been ad- 
dressed, were, upon the whole, very satisfac- 
tory ; and I felt gratified by their ready com- 
pliance with my wishes. 

This success encouraged me to circulate 
among them the second series, to which, how- 
ever, I obtained answers in a few instances 
only. The questions comprehended in this 
series are, it must be confessed, more complex 
and difficult than the former, and the captains 
of our mines (who, although .a very intelligent 
class of men, are not in the 'habit of expressing 
their observations on paper), may have felt a 
very natural reluctance to commit themselves. 
I should be sorry therefore to ascribe their 
silence to any other motive. 

The enquiry' thus interrupted, may now be 
resumed under much better auspices, and as 
the zeal which has been excited by the en- 
lightened founder of our Society, can be 
directed to no object of greater importance, I 
am induced to lay before the Society such an 
arrangement of die questions which apply to 
the phenomena of lodes^ as will very materially 
abridge their labour. 

« 2 
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My associates will moreover be sensible of 
the convenience wliich results from a unity of 
plan in their patriotic endeavours, and vrill 
soon perceive that a mode of investigation 
which insensibly leads them oil from the more 
easy and obvious phenomena, to those which 
are more difficult and uncommon, is the best 
adapted to thdr purpose. 

But here I must beg leave to observe, that 
the valtfe of their information will much depend 
upon the circumstances under which it is ob- 
tained. If the best practical miners are often 
deceived in their judgment of those numerous 
accidents which affect a lode, and either raise 
or depress the estimation of a mhiing adven- 
ture; how much more must an unprofessional 
observer be liable to error ? In fact^ it is not 
until all the phenomena of mineral veins are 
become familiar to* the geologist, that he can 
feel a confidence in his own judgment, or pre- 
sume to describe and account for, what must 
generally be investigated under so many diffi- 
culties and disadvantages. 

Most fortunately for the encouragement of 
so interesting a pursuit, there are circumstances 
in the form and outline of this peninsular county 
which will atford much preliminary instruction. 
Its coasts present almost every where a natural 
section of the strata which compose them ; and 
this section, whenever it approaches the mining 
districts, invariably lays open to view the mi* 
neral veins which abound there. The geologist 
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therefore may avail himself ^of this natural 
advantage^ which no other country in Europe 
would afford him* 

I have already observed, that much informa- 
tion was procured by means of these written 
questions, and my own personal observation ; 
but much remains to be done; and a great 
mass of well ascertained facts must be col- 
lected, before we can draw any certain conclu- 
sions respecting the origin of mineral veins. 
I am pf opinion, however, that whqn this is 
accomplished, we shall have gained a step of 
no small importance towards a knowledge of 
the formation of the earth, if we do not stand 
on the very threshold of the edifice. '' Vesti- 
bulum ante ipsum primoque in limine/' 

To conclude, the object being so important 
in every sense, and the means so much within 
our reach^ I feel confident that the attention of 
the Society will be more particularly directed 
to our mineral veins ; and that in this depart- 
ment at least of geological science, their labours 
will be eminently successful ; for it is the opi- 
nion of one who has had opportunities of visit- 
ing the mines in most parts of the continent, 
that Cornwall abounds more in mineral veins 
than any country of equal extent iu Europe ; 
that Ihe phenomena which usually accompany 
them^ are I no where more strongly marked ; 
anfl that no country aiibrds the same facilities 
for observation. 
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QUERIES RESPECTING LODES. 



FIRST SERIES. 

1 . What is the general direction of lodes in 
this parish ? 

2. How many feet in a fathom is their gene- 
ral underlie ? 

3. To which side do they underlie? 

4. What is their average bigness ? 

5. What is the general direction of the 
cross*gossans and cross-flookans ? 

6. How many feet in a fathom is their gene- 
ral underlie ? 

?• On which side do they generally under- 
lie? 

8. What is their average bigness ? 

9. Do they generally heave the lodes ? 

10* If so, how far do they generally heave 
them ? 

IL Are the lodes generally heaved to the 
right ? 

13. In what cases are they not ? 

I3» Are there any instances in this parish^ 
of lodes started or heaved by slides, .as in the 
Pink mine and North-downs ? and in this case^ 
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19 the lode started by a gossan-slide or by a 
flookan-slide ? 

N. B. By a slide is meant, the intersection of a lode in 
its underlie ; by a heave, the intersection of a lode in its 
ooarse or run. 



SECOND SERIES. 

1 . In computing the average bigness of the 
lodes^ did you include the caple or not? If 
not^ you are desired t5 state what difference 
this makes. 

2. What are the particular circumstances 
of the case^ in which lodes are not heaved as 
usual^ to the right ? I mean^ what is the di- 
rection of the lode and cross-course so heaved, 
the side to which each underlies, and the 
degree of its underlie ? 

3. Is the heave greatest when the cross- 
course is big, or when it is small? 

N. B* To avoid ambiguity, the comparison may be made 
between gossan and spar ; courses of different breadths, and 
between these and flookans, which I believe are invariably 
small. 

4. Is the heave greatest wiien the cross- 
course intersects the lode at a small angle, or 
when it intersects it at a great one ? 

5. Are the heaves usually greater or less 
in the bottoms than at grass ? That is, does 
the heave occasion a difference in the underlie 
of the two segments of the lode ; what is this 
difference, and what the circumstances which 
accompany it ? 
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. 6. In the case of a heave^ are the two 
corresponding parts of the lode at the same 
levels usually of an equal bigness^ and filled 
with the same substances, or the contrary? 
In which latter case, you are requested to men- 
tion the most remarkable instances. 

7. Do you know any instance of a lode 
being shattered, divided, or torn open by the 
intersection of a cross-coursej or by a heave ? 

8. Do you know any instance of a lode 
being wholly cut off by a cross-course, so that 
no traces of it could be found on the opposite 
side ? 

9. Do you know any instances of the inter- 
section of tin and copper lodes, and of heaves 
in consequence thereof? 

10. Are there any regular courses or quar-^ 
ries of elvan, or any other sort of rock, in your 
parish, and what is their bigness, direction, 
and underlie ? 

11. Do you know any instance of such a 
course or quarry forming one of the walls of a 
lode? 

13. Do you kuQW any instance of such a 
course or quarry intersecting and heaving a 
lode ? And if so, you are requested to state 
the circumstances. 

13. Do you know any instances of great 
hollows found in the body or the sides of 
lodes ? 

14. Do you know of any instance of pebbles 
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or of (ira^ents of killas^ elvan^ irestone^ or 
growan, found in the body of a lode ? 

15. Do you know any instance of the two 
walls of a lode (the country) not corresponding 
at the same level ; i. e. of their being com- 
posed of different rocks^ perhaps on one side 
of killas^ and on the other of irestonCj elvan, 
or growan ? Even the kiUaa may be found to 
differ in hardness and colour in the two oppo- 
site walls. 



350 Account of Tin raised in Cornwall 

An, Account of Tin raised in Cornwall in the 
year ending with Midsummer Coinage, 1815. 

Blocks of Blocks of 
Common Tin. Grain Tin. 

Coined at Michaelmas Quarter, 1814 . . 3109 293 

Christmas Quarter, 1814 .. 2179 767 

Lady-day Quarter, 1815 .. 2962 1291 

Midsummer Quarter, 1815 .. 4171 841 



12,421 3192 

3,192 



Number of Bloeks .... 1 5,6 1 3 



Jifumber of Tods 2,500 



An Account of Tin raised in Cornwall, in the 

year ending with Midsummer Coinage, 1816. 

Blocks Blocks 

Common. Grain. 

Michaelmas Quarter, 1815 3176 854 

Christmas Quarter, 1815 ,. 3980 828 

Lady-day Quarter, 1816 4540 811 

Midsummer Quarter, 1816 -4596 771 

16,292 3264 
3,264 

Number of Blocks .... 1 9,556 

• 

Number of Tons ..... 3,130 



in the yean 1815^ 1816, and 1817. 251 

An Account of Tin raised in Cornwall, in the 
year ending with Midsummer Coinage, 1817. 



Blocks. 

Michaelmas Qaarter, 1816 \ 4137 

Christmas Quarter, 1816 5037 

Lady^y Quarter, 1817 6030 

Midsummer Quarter, 1817 6834 

23,037 

or about 3700 Tons. 



Of this number 3037 blocks were Grain Tin, and 30,000 

blocks Ommoii Tin« 



^ 
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SG3 Acwwit of Capper raised. 

Quantity ^ Copper produced in Qreat Britain 
and Ireland in the year ending the 30th 
June, 1815. 

Tom. 

Cornwall ....* 6607 

Devonshire » , 4^ 

Anglesea 305 

Other parts of North Wales and Ireland 204 

7540 



I 



Quantity of Copper produced in Great Britain 
and Ireland, in the year ending the 30th 
June, 1816. 

Tom. 
Cornwall. • . • sold at public ticketings • • • • 6830 

' by private contract . . . • 215 

7046 

Devonshire ' 345 

Anglesea 448 

^orth Wales, and those parts of Ireland where the 

ore is not smelted » . 271 



810» 



No account has been received of the produce of the 
Ecton Mine in Staffordshire, nor of the Cronebane Mines in 
Ireland. « 
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Quantity of Copper produced in Great Britain 
and Ireland, in the year ending the SQth 
June, 1817. 

« 

Tonfc 

Cornwall • 6608 

Devonshire • 350 

Staffordshire (Duke of Devonshire's mine at Ecton 

Hill) about 2p0 

Anglesea * , 433 

Other parts of North Wales 80 

Sundry small mines in Ireland, of which the ore is 

smelted in Wales 80 

Cro^ebane Mines in Wicklow (no account has lately 

been received) but the quantity is si^pjiosed) 1 50 



7900 



A List of donations 

to THE LIBRARY, 

TO T^E 

COLLECTION OF MAPS, PLANS, SECTIONS, 

AND MODELS, 

AND TO THE 

CABINET OF MWERJLS, 

BELONGING TO THE 

ROYAL GEOLOGICAL SOCIETY OF 

CORNWALL, 

from its Institution in February, 1814, 

to April 30, 1818. 

WITH THE NAMES OF THE DONORS. 



Donations to the Library. 

BOOKS* DONORS. 

Carew's Surrey of Cornwall, with The Right Hon. Lord de 
ToDkin's Notes, edited by Dunstanyille, &c. Vice 
Francis, Lord De DunstanTille. Patron 

1 TOl. 4t° 

Voyages Metallurgiques, par M. 

Jars. 3 Tols. 4t° 

Obserrations on the Tin Trade of Sir Christopher Hawkins, 

the Ancients in Cornwall, and Bart. Vice President. 

on the Ictis of Diodorus Si- 

cuius, by Sir Christopher Haw. 

kins, F.R.S. l?oh ' 

Mr. James Ryan's Method of 

Ventilating Coal Mines. 



» — — 



■•q^ 



LIST OF DONATIONS. 
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BOOKI* 

Berzeiias' New System of Miner- 
alogj. 1 Tol. 

Notes on the Mineralogy of part 
of the Vicinity of Dublin, taken 
principally from papers of the 
late Walter Stephens, A.M. 

Elements of Crystallography, after 
the method of Haiiy, by Fre- 
derick Accum. 1 Tol. 8?^ 

Essay on the Theory of the Earth, 
by M. CuTier. 1 vol. S^ 

Accum's Analitical Mineralogy. 

2 Tols. S^ 

Henry's Elements of Chemistry. 

2 Tols. 8¥» 

Thomson's System of Chemistry. 

4 vols. 8v® 

Dayy's Elements of Chemical Phi- 
losophy. 1 Tol. 8t« 

Wilkinson's Elements of Galra- 
nism. 2 vols, gv* 

Singer's Elements of Electricity. 

1 vol. 

Minutes of the Philosophical So- 
ciety. 1 vol. 8v« 

Macquer's Chemistry. 2 vols. 8?^ 

Boerhave's Chemistry. 

2 vols. 8v*' 

Philosophical Transactions. 

2 vols. 4t*» 

Dr. Cramer's Elements of the Art 
of Assaying Metals. 1 vol. 8v° 

Phillips— on the Oxyd of Tin. 4t* 

on the veins of Corn- 
wall. 4t? 



DONORS. 



» — Outlines of Mineralogy 

and Geology. 1 vol. 12* 

Elementarylntroduction 

to Mineralogy. 1 vol. 12» 



Davies Gilbert, Esq. 

M.P. President. 
William Rashleigh, Esq, 

M.P. M.G.S.C. 



Ashhurst Majendie, Esq. 
Hon. Mem. G.S.C* 



... .... 



The bequest of the late 
Rev. John Jope^ jun. 



. . . •« • . 



Rev. John Rogertf^ 

M.G.S.C. 
By the Author. 



By the Author. 



Aikin's Manual of Mineralogy. 

1 vol. 8v® 
Some new Researches on Flame, By the Author. 

by Sir Humphry Davy, F.R.S. 

Hon. Mem. G.S.C» &c. 



1 
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LIST OF DONATIONS. 



BOOKS* DONORS. 

A few additional Practical Obser- The Author. 

Tationa on the Wire Gauze 

Safety Lamps, by Sir Humphry 

Dary. 
De Luc's Elementary Treatise on 

Geology. 1 vol. 8?® 

Martin Henry Klaproth on the 

Fossils of Cornwall. 1 vol. 8v^ 
A Memoir on the Physiology of 

the Egg, by J. A. Paris, M.D. 

F.L.S. &c. 
Mawe's Mineralogy of Derby- By the Author. 

shire. 1 vol. 8v** 
■ Descriptive Catalogue of 

Minerals. 1 vol. 8v* 



Rev. C. V. Le Gricfc. 

Mr. W. Roberts, 

Associate. 
By the Author. 



Stackhouse's Nereis Britannica. 

2 vols. 

Lamourotix Histoire des Poly- 
piers Flexibles, Vulgairement 
Zoophytes. 1 vol. 8v® 

Jameson's Mineralogical Travels 
through the Hebrides, Orkney, 
and Shetland Islands, and main 
land of Scotland. 2 vols. 4t« 

Jameson's Mineralogical 'Descrip- 
tion of the county of Dumfries. 

1 vol. 8\*^ 

Systeme de Hutton sur la Theorie 
de la tcrre. 1 vol, Sv® 1816. 

Families of Plants. 2 vols. 8v* 

Synopsis of the contents of the 
British Museum.' I vol. 8v* 

De mentis exercitatione, et feli- 
citate exinde 'derivanda. J. 
Forbes auctore. 8v» 

Stannary Laws. 1 vol. 8v® 



John Stackhouse, Effc)* 
Hon. Mem. G.S.C. 



t....... 



John Forbes, M.D. Sec. 
G.S.C. 



Mr. Tregonning, 

M.G.S.C. 
G. B. Greenough, Esq. 

Hon. Mem. G.S.C. 



Le Comte De Bournon, Trait6 

complet de la chaux carbonatee 

et de I'arragbnite. 3 vols. 4i? 
Trengrowse Shipwreck Investi- The Author. 

gated , 8v® 

Prize Essay on the Diseases of The Author. 

Wheat, by the Rev. Robert 

Hoblyn. 



LIST OP DONATIONS. SflT 

BOOKS. DOlffORS. 

Observations on the Geology of The Author, 
the United States of America, 
&c. by Wm. Maclure, Esq. 8?^ 



Maps, Plans, Sections, and Models. 

MAPS, &C. 

Smith's Geological Map of £ag« Daries Gilbert, Esq. 

land. M.P. President. 

Models and Plans illostratiYe of J. H. Vivian, Esq. Hon. 

the machinery nsed in the mines Mem. G.S.C* 

of Saxony, with a complete 

dress of the Saxon miner. 

Plan of Chacewater Mine. Samuel Moyle^ Eaq. 

M.G.S.C. 

Sections of Hael Pever Mine* Mr. Benjamin Sampson^ 

Associate. 

Plan of Huel Alfred Mine. Mr. Samuel Groee, 
Plan of the Blue Hills Mine« Associate. 

Geological Map of the United . Wm. Macluf e, Eaq* 

States. of America. Hon. Mem. G.S.C. 



Donations to the Cabinet. 

m 

SPECIMENS. 

Natire Gold from the Tin Stream Sir Christopher Hawkins, 
Works in Ladock, near Probus, Bart. V.P. 
Cornwall. Specimens of Ga* 
lena, Sandstone, &c. 

Chromate of Iron. Red Copper Davies Gilbert, Esq.M.P* 
Ore. Quartz. Blende. Car- President G.S.C. 
bonate of.Barytes. Toadstone. % 

Gypsum and Shell Limestone 
fron^ Derbyshire. 

A series of Rock specimens, illus-' Ashhurst Majendie, Esq. 
trative of the Geology of the Hon. Mem. G.S.C. 
Lizard District. Geological 
specimens from, the Scilly Is- 
lands and Mousehole. Graphic 
Granite. Gneiss. Apatite, Jas- 
per. Garnet. Axinite. Thallite* 






LIST OP DONATIONS. 



6PKCIMEKS. 

Schorl, containiDg Titaninm. 
Schorl. Adularia. Felspar. To- 
paz-Rock. Hyperstene in Opa- 
lescent Felspar. Mica. Acty- 
nolite. Tremolite. Chlorite, 
Steatite. Oolite. Stilbite. Phos- 
phorescent Zeolite in Basalt. 
Anthracite. Plumbago. Fiuor 
Spar. Menilite, Bronzite. Lau- 
BUonite. Chalcedony on Bitumen. 
Idocrase. Aibite. Gehlenite. 
Chabasie. Natrolite. Magne- 
site. Semi -Opal. Hyalite. Au- 
gite, OliTine., Diallage. Hya- 
cinth. Adularia from Saint 
Grothard. Carbonate of Lead. 
Arseniate of Cobalt. Rutilite. 
Magnetic Ironstone. Specular 
Iron. Carbonate of Iron. Oxyd 
of Tin, with pebbles of Chlorite. 
Oxyd of Manganese. Anatase. 
Cftitojiite. Native Antimony. 
Ironstone. Gadblinite. Sphene. 
Titanite. Specular Iron. Cbro- 
mate of Iron. Magnetic Iron. 
&c. &c. 

Fossil Wood- Fossil Echinus. Fos- 
sil Shell on Limestone, indu- 
rated Marl containing shells. 
&c. Sec, 

A series of specimens illustratire 
of the process of smelting cop- 
per, with different preparations 
of the metal ; also a series illus- 
tratiye of the process of smelt- 
ing tin, with different prepara- 
tions of the metal. 

A series of Precipitates from An- 
glesea. Specimens of Elyan, 
taken from different levels in 
some of the principal mines of 
Cornwall. 

Native Silver. Porous Sulphnret of 
Copper. Native Bismuth. Oxyd 
of Tin in Felspar. Oxyd of Tin 



DONORS. 



Ashhnrst Majendie, Esq. 
Hon. Mem. G.S.C. 



Joseph Came, Esq. 
M.G.S.C. 
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SPECIMENS. 

in Chlotite. .SiWer Ore from 
Carra de Pasco. StWer Ores 
fiom Huel Ann, Huel Basse t, 
and the Uerland Mine. Yel- 
low Copper Ore, and NatiTe 
Sulphate of Copper. Swimming 
Quartz. Cubic Quartz. Radi- 
ated Quartz. Andalusite. Ac- 
tynolite. Chalcedony. 

A series of specimens illustratiTe 
of the Recent Sandstone For- 
mation, occurring on the north** 
ern coast of Cornwall. 

Geological specimens from the 
Lizard district, and from dif- 
ferent parts of the Mounts 
Bay. Gregorite from StKeveme. 

Sulphuret of Zinc. Oxyd of Man- 
ganese. Uranite. Vein of Tin 
in Granite. Horn Silver. Phos- 
phate of Iron. Fluor Spar. 
Quartz on Fluor. Veins of Ga- 
lena in Killas. Fluor Spar with 
Iron Pyrites. 

Specimens illustratiTe of the geo- 
logy of Derbyshire. 

Fluor Spar. Acanticone. Schorl 
with Apatite. Jasper from Bo- 
Tey. Sulphuret of Lead in 
Veins in Bar^tes. Carbonate of 
Zinc. Sulphuret of Silver and 
Copper with Oxyd of Iron. 
Sulphuret of Silver and Anti- 
mony. Sand in which Diamonds 
are found. 

Specimens of Wolfram. Tungsten* 
Native Arsenic. Cobalt. Saxon 
Topaz Rock. Native Alumine. 
Cross-stone, and Felspar ; also 
a very valoabie series of Me- 
tallic and simple MineraTs, and 
Geological specimens, amount- 
ing to above four hundred, 
collected during his travels a- 
broad. 



DONORS. 



Joseph Came, Esq., 
M.G.&C. 



John Ayrton F^s,M,D. 
F.L.S. Hon. Mem. 
G.S.C. 



' John Williams, jon* Esq. 
M.G.S.C. 



John Mawe, Esq« 
M.G.S.C. 



John Henry Vivian, Esq. 
Hon. Mem« G.S.C^ 
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SFECIMtNS. 

Specimens of Needle, Radiated, 
Foliated, and mealy Zeolite* 
Apophytlite. Jasper. Opal. 
Chalcedony. Pitchstone. Obsi- 
dian, and siliceous incrustations 
from the Geyser springs of Ice- 
land. 

A series illustrative of the different 
Lime Formations of Cornwall. 
Specimens of Greywacke. Junc- 
tion of Gneiss with Granite. 
Gneiss. Serpentine. Agate. Jas- 
per. Hornblende. Asbestus pass- 
ing into Tremolite. Mountain 
Leather. Jade. Bovey Coal. 
Lead Ore in Fossil Shell in 
Transition Limestone. Sulphate 

• of Lead. Magnetic Pyrites. 
Sub-carburet of Iron. Yellow 
Sulphuret of Copper in octohe- 
drons, on -Grey wacke. 

Specimens of Phosphate of Iron. 

Specimens of Selenite. Oyster 
Shell with Crystals of Selenite. 
Sulphate of Barytes. Sulphate 
of Strontian. Carbonate of 
Strontian, &c. 

Specimens of Crystallized Hydrar- 
gillite. Jade. Tremolite. Me- 
nacchanite. Kupfcr-nickel. 

Native Copper. Gfrey Sulphuret 
of Copper. Ruby Copper. Arse- 
niate of Iron. Manganese; Wol- 
fram. 

Specimens of Pea»stone. Calcaieons 
Spar. Garnet Rock. Flint, 
Sulphuret of Lead. Phosphate 
of Lead. Chromate of Lead. 
Specular Iron. Uranite. 

Egyptian Granite. Vein of Tin in 
Porphyry. Vein of Tin in Schorl 
Rock. Wavellite, Swinestone 
Flint. Chalcedony, Actynelite* 



lK>NOR8. 

William Home, Esq. 
Liverpool. 



Rev. John Rogers, 
M.G.S.C. 



Colonel Sandys, 

M.G.S.C. 
Rev. Philip Searle^ 

Oxford. 



The late Rev. William 
Gregor. 

Robert Were Fox, jmi. 
Esq. M.G.S.C* 



WiUiam Robinson Hil))^^ 
Esq. M.G.S.C. 



Mr. Edward C. Giddy, 
Curator of the Cabinet. 
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SPECIMENS* 

Aiinite. Iron Flint. Sulphate 
of Strontian, Selenite. Rock 
specimens from different part» 
^ of the Mount's Bay. A series 
of Devonshire marbles, polished. 
Organic Remains, consisting of 
Stella Marina, Echini, Anomia, 
Ammonites, Cockscomb Oys- 
ter, Fossil Teeth, &c. ; and a 
series df Volcanic specimens. 

Stalactites of Oxyd of Iron. Brown 
Hsematite Iron Ore. Fluor in 
octohedrons. Jasper. Quarts on 
Floor. Red Oxyd of Copper. 
Oxyd of Manganese. Opake 
Red Quartz. Kupfer Nickel. 

Specimens of Calcareous Spar. 
Arseuiate of Cobalt, and Arae- 
liiate of Lead. 

Fluor Spar. 

Specimens of Chalcedony and 
Crystallized Oxyd of Tin, &c. 
&c. 

Specimens of Felspar. Axinite. 
Coralloids. Stalactttic Lime. 
Sulphate of Lead, &c. &c. &c. 

A series of Geological specimens 
from Scotland, consisting of 
Primitive LiQi'estone, Gneiss, 
Mica Slate, Basalt, Greywacke, 
Greenstone, &c. ; Ilornstone, 
Crystallized Quartz, Agate Peb* 
bles, &c. 

Fluor Spar. Copper Pyrites. Grey 
and Yellow Copper Ore, Arse- 
niate of Cobalt ; also a speci* 
men illustrative of the Heaves of 
Lodes. 

A series of specimens illustrative 
x>f the process of Subliming 
Arsenic. 

A specimen of Brown Haeiaalite 
Iron Ore. 



DONORS. 



Mr. Edward C. Giddy, 
Curator of the Cabinet. 



Mr.W Chenhalls, 
M.G.S.C. 



William Davey, Esc;^. 
M.G.S.C. 

Stephen Davey, Esq. 

M.G.S.C. 
E. W. Wynne Pendarves, 

Esq. M.G.S.C. 

John Paynter, Esq. 
M.G.S.C. 

John Forbes, M.D« 
Secretary. 



Mr. John Rule^ 
M.G.S.C. 



Orchard Edwards, M.D. 
MJG.S.C. 

Rev. Jos. Batten. 
M«G*S>C. 
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SPECIMENS* 

Specimens of Gneiss containing 
Cinnamon-slK>De. Spodumene. 
Also Granite from Ceylon, and 
fragment)^ of rock from St. He* 
lena, &c. 

A, series of specimens illustratife 
of the Geologj of the United 
States of America, from Ports- 
mouth, in New England, to 
the west side of the White 
Hills, and from thence to Port- 
land; also specimens of Foli- 
ated Sphene, Green and Red 
TourmalinefCymophane^Spodu-* 
mene, and Ichthjophthalmite. 

Stalac title Carbonate of Lime from 
Gibraltar. 

Quartz imbedded in Chlorite 
Earth ; Coal, with impressions 
of Ferns, &c. 

Grey Sulphuret of Copper in 
Quartz. 

Native Sulphur. 

Specimens of Rock Salt. 

Serpentine from A^glesea, Satin- 
spar and Sandstone. 

Specimens of Native Sulphur from 
Mount iEtua. 

A series of specimens of Aluminous 
Shale in different stages of de- 
composition ; also a specimen of 
Prehnite. 

A specimen of Greeu Carbonate 
of Copper. 

Stalactitic Lime, and Lime with 
Fossils from Gibraltar; also a 
concretion of Sand and Shells 
from Tariffa. 

Specimens of Ammonites, &c. 

Sulphate of Barytes. Sulphate of 
Strontian. Sulphate of Strontian 
IB Sandstone Rock, itouk Bran- 
don Hill near Bristol. 



donors; 

H. P. Tremenheere, Esq. 
M.G.S.C. 



William Maclure, Esq, 
of Philadelpl^ia, Hoq^ 
Mem. G.S.C. 



Admiral Linzee. 

M.G.S.C. 
RcT. W. Hoskin, 
M.G.S.C. 

Benjamin Wood, Esq. cf 

London. 
Mr. Henry Edmondsi^ 
Samuel Moyle, £sq. 

M.G.S.C. 
Mr. Robert Bakeweli. 

Geo. Glasson, M.D« 

M.G.S.C. 
Thomas ^*Brown, M.D. 

Glasgow, Hon. Mem. 

G.S.C. 

H. C. Blewett, Esq. 

M.G.S.C. 
Captain Julyan, B|.N. 



Mr. Jackson. 
J. J. Wright, Esq. 
Bristol. 
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SPECIMENS. DONORS. 

Specimens of Kupfer-Nickel, Mag- John Dennis, jun. Esq. 

netic Ironstone, and Reddle. 
Native Copper. Copper with Mr. William Roberts, 

Schorl. Copper with Fluor. Red Associate, 

Oxyd of Copper with Native 

Copper. Malachite. Arseniate 

of Copper. Carbonate of Lead. 

Arseniate of Lead. Slick^side. 

Jaspery Ironstone. Sulphuret of 

Antimony. Oxyd of Tin. Fluor 

Spar. Calcareous Spar. Horn- 
atone. Jasper with Chalcedony. 

Opal Jasper. Asbestus. Elastic 

Bitumen. 
A specimen containing Galena, Wm. Clayfield, Esq. 

Coal, and Copper; Selenite, Bristol. 

Schorl with Apatite. ' 

A specimen of Yellow Sulphuret Mr. Richard Nicholls, 

of Copper. M.G.S.C. 

Veins of Oxyd of Tin in Killas. Mr. Jos. Tregonning, 

M.G.S.C. 
A specimen of the Gossan of the Captain N.^ Vivian. 

Cornish Miner. 
Micaceous Iron Ore from Elba. Capt.Edwin James,R.N. 
Specimens of Garnet, Labradore Mr. R. Dunkin, jun* 

Felspar, Native Sulphur, Fluate M.G.SX. 

of Lime, and Apatite with 

Topaz. 
Sjpecimen of Sulphate of Barytes. R. Fox, Esq. M.G.S.C. 
/*" A specimen of Crystallized Oxyd Mr. W. Berryman, jun. 
j of Tin. • M.G.S.C. 



INDEX. 



A 



CCIDENTS from the piemature ezplosi<m of Gun* 
powder • • - - 78 

' ■ how to preTent the TeciuTence of • 88 
^Ifo^tf found in Seipentine « - » 34 

indent submarine mmei J no^e of - - 131 

ArseniCy processes by which it is prepared ia Saxony 60 

m, grey or black - - - 61 

' — red - - - - 62 

■ white - - - -68 

—— yellow - - - - 64 

jtskntCy or Thummerstein^ its CSomish habitats • 30 



B 



Bar^ commonly used for ^^ Tamping" 
of safety 



86 
88 

BoASEy Henry, Esq. on regenerated granite - 19 

■ on the introduction of th^ steam 



engine into Peru 
Beds of limestone 

compact felspar alternating wijh talc 

Bolleriumy junction of greenstone and slate at 

Botalluck crown engine 

Breccia^ reins of intersecting recent sandstone 

S 2 



212 
7 

is 

29 

7 
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C Pag9 

Cadgzoithj natural atnphitheatre of rocks at -35 

Calcareous sandy inundation of • .4 

ejttensively employed as a manure - 193 

its mode of operation - - 194 

cemented into a hard rock • 1 

Calcareous stalactites^ in caxities ofrecent sandstone 7 

Caple^ uncertain meaning of the term • -98 

Carbonate of lime^ observations upon the solubility of 9 

*' Carwe*,'* or rocks near Pendower beach - 110 

Carne, Joseph, Esq. on the discovery of silver in 

Cornwall - - - - ' 118 

on elvan courses - 97, 241 

■ notice relative to the formation 

of swimming stone . - ... ^^ 

Cavern found in Dolcoath Mine - - 225 

Chenhaxls, Mr. exertions of, to prevent explosion 89, 93 
Chalcedony on Chegarky downs ' - - 37 

Ciaif slate alternating with graywack^ - - 33 

Clay, china, quantity of, annually quarried . 233 

C/2cA:er^or/ consists of serpentine - -190 

Coasts west of Penaance, on the - - 27 

Cobalt, found at the Wherry Mine - . 42 

^ [^ow prepared in Saxony and Bohemia • 66 

Cockle, meaning of .the term - - - 97 

Concretions, curious, found in steam boilers - 227 

Copper, occurs native in serpentine - 34, 46 

^ quantity ot, raised in Cornwall - - 262 

^ d° in Great Britdn - 262 

. d° in Ireland - 262 

()ornwa//, " the country of veins" - - 38 

1 — ^— . hints on the geology of - - 38 

.^ . — 1 — geological structure, and vaijeties of the 

soils of - - - - 168 

^ structure of, resembles that of the oppo- 



site coasts of France - - - 47 

Coverack Cove^ interesting to the geologist - 36, 43 
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Pa«e 
Cross counei - - - - S8 

Culm^ a new substance found accompanying - %9 

D 

Davy, Sir Humphkt, on the geology of Cornwall - 38 

Davy, Dr. John, on granite veins - - 20 

Decomposed granite nsed as a manure - •* 179 

Decomposition J philosophical views respecting • 16 

Dfititns Creek^ curious conglomerate at - - 3(J 

Diallage rock^ varieties of - - S3, 34, 35,^43 

containing an ore of titanium • - 35 

metalloide at Coverack Cove - - 36 

. — of a copper colour at Kynan's Cove - 34 

how distinguished from common hornblende 33 

Donations to the Cabinety a list of - - 267 

Dykes of Forphyry - - - 34,42 

E 

Elvan^ nature and composition of - - 42 

— geological relations of - ,- 97 

. dykes, courses or channels of - - 97 

, influence of, on lodes - - 99 

Erica vaf^ansy peculiar to serpentine soils ' 36,^ 190 
Extracts^ miscellaneous, from the Minute Book of the 

Society - - - - 225 

F 

Falls of Niagara, continual formation of gypsum at 

the - - - - 12 

Feeders, meaning of the term - - 147 

Felspar, decomposition of - - 45, 173 
. of serpentine, contains a great proportion of 

' magnesia - - • - 45 

— abundance of in granite, causes fertility • 174 



Fertility of Soils, intimately connected with geological 

structure - - - 

Fistrel Bay, recent formation of -sandstone in 
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F^ucanj meaning of the term - - 97 

Frtybergy the mining academj at - - 70 

G 

Galvanic ir^fluence^ curious effects of, upon Hayle 

floodgates - - - - 114 

■' may operate in mountain masses 184 

Garnet rocks^ Teins of • - • 20 

Geology J present era of, compared to thatof chemistiy 

in the sixteenth century - - 168 

— — q/'Comtra//, hints on the - - 3? 

■ connected with its agriculture 169 

Gnmss, well defined at Constantine • • 183 

Godrevy island in the bay of St. lyes - .5 

Goonhilly downs - » - . . 33 

Granite y the fundamental rock of Cornwall - V7V 

. the constituents of, vary in their relatire 

proportions - - - -21, 172 

■■ regenerated, in the Islands of Scilly - 17 

veins - - - 20, 28, 39, 40 

conjectures concerning • - 24 



porphyriiiCy well defined at the Loggan rock 28 

stratified, in Scilly • . - 30 

in Kynan's coye - • - 45 

quantity of, shipped at Falmouth • 232 

~ used for various domestic purposes -* 233 



— beautiful variety of, at Trescow, Scilly - 30 

— frequently includes fragments of other rocks 40 
containing contemporaneous concretions - 29 



Granitic porphyry y at Mawgan - « 37 

GraywakSy alternates with clay slate - - 93 

Gaegor, the Rev. William, on tae conversion of 

metallic tin into a muriate - - 51 

__—— , » — on the discoTeiy of a 

new substance accompanying culm - • 229 

on the discoreiy of 



^upfer-nicJ^l - • . 224 



^ « 
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Greensiamey liMtf^ 9t C»6gm\th - » 3S 
pasiefl into serpeatine - - S3 



Gregor&e (Menacchmnite) new habitat of 

Grtnzan woilsj essential characters of • • 178 

Growan^ or decomposed granite, nsed as a manure • 179 

Guadaiotqpe samdsiamej resembles that of Cornwall - 5 

Chtt^wder^ Cital accidents from the explosion of • 8S 

a qoantitj of, unnecessarily wasted ia ' 

Cornwall • - - • 89 

how to economise the consumption of «^ 



Gwendra^ well characterised diallage rock at • 31 
Gypsumy formed bj the action of decomposing pyrites 

on calcareoos substances - 1 1* IS 

■ operation of, as a manure in America • 196 
■ fertilizing influence of, accounted for « 198 

■ discoTered in some hornblende soils - 187 

H 
Hawkins, Sir Christopher, Bart on gold found in 

stream works ... 235 

Hawkins, John, Esq. on submarine mines • 137 

— on the lodes of Polgooth mine 145 

■ ■■ . ^ on the art of refining tin - 201 

■ ■ geological queries by - 242 
jH#ave«, remarkable instances of - 22,28, 151 
Hornblende raek^ proneness of, to decomposition - 186 

■ soils^ ubttsual fertility of ^ - 189 

■ — essential characters of - 187 
■ contain salts in their composition 187 

I 

Incrustations from the boiler of a steam engine 12, 227 

Iron, cementing property of - - - 14 

philosophical Tiews respecting the agencies of - 13 

fertilising influence of, considerable r 193 

deoxidized l^y TCgetables • - 16 

fulphate of, eiists in certun soils - » 101 



I 
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Page 
Iron tamping bar^ extreme danger attending its use 83^ 86 

tinr alloyed with - • , - 211 

hlands of Scilli/^ the geology of the - ^ - 30 

■ — no vestige of tin mines in the - 31 

J 
Jews House J meaning of the term • - 52 

Jifitc/2V>n«o/«/a/e with granite » 20, 26, 27, 33 

of greenstone^ with serpentine - 36 

. ' of rocks y soils unusually fertile orer the • 180 



K 

KiUas, meaning of the word - • 97 

Kupfer^nickel^ discovery of, in Pengelly mine • 224 

K^nafCs Cove, a most extraordiaaiy spot 34, 45 

L 

Lamorna Cove - • . •28 

Xd^'cfT/^co/ton, principles of • * 0, 11, 13 

Xime^/one rocA:^ in Cornwall, notes on the 1Q7, 110, 115 

of Veryauj compared to that of Plymouth^ 109 

Umestone^ recent in Lake Erie ... o 

Little Bounds Mine, the lode of « •21 

Lizard Peninsula^ geology of - •32 

Point - - - •34 

Lodesy importance of, recording the phenomena of 145 
conjectures Concerning the origin of • 48 

M 
Maclure, William, Esq. h3rpothesis of, respecting 

the general distribution of primitive rocks - 192 

MajendiEc Ashuurst, Esq. on the Lizard peninsula 32 

■ . — on the coast west of 

Penzance • • - - 26 

■ on the structure of the 

Scilly Islands - - • . 30 

on the geological history 



of wood tin .. . • 237 



INDEX. 
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Page 
Majendie, Ashhurst, Esq. on ike formation of 

ocherous stal^tites - - . 226 

Mandelstehiy or uwkSy found near Port Isaac - 45 

Manganese^ muriate of, found in a soil near Helston 191 

■ ■ • cementing property of - - 112 

Mfffittrp, mineral, important applications of 179, 180 

MetmcchanUey (gregorite) new habitat of - 226 

MetaHifer^iM veins or lodea^ conjectures concerning 48 

MicOy cryitalliaed in its primitiTe form - - 30 

-*«— »iatej under the Lizard Light House - 34 

' Mount's Bay ^ - - .181 

MundiCj or Parties - - - 86 

N ' 

Neele^ how used in blasting rocks ' - - 83 

danger of the, if made of iron -> 86, 91 

Kev) Kaye^ recent formation of sandstone at •6 

Nifre^ discovered in soils near Penzance -. .187 

O 

Oxidation of Iron, the cause of decomposition ih rocks 1 5 

Oxide of ArseniCy how prepared in Saxony - 66 

Ores of Copper y quantity raised in different mines 252 

of Tin . - - - 250 

— of Letfi/, rich in silrer • m. • • 119 



Paris, Dr. J. A. on a recent formation of sandstone' 
■ on the application of geology to agri- 

culture • . • - 



STRUMEKTS 



on the introduction of Safety. In- 
— — - • 

_ on the discovery of gregorite 

■■ ' ' on the incrustations in steam boilers 

on the quantity of stones and clay 

annually exported from Cornwall 

- on a new substance, acc(;fmpanying 



culm 



1 

168 

7a 

226 
329 

231 

229 
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Page 
Pendeen Cove^ granite veins at - -26 

' gratu tic breccia at - * . 13 

Penzance^ extraordinary fertility of the lands sur- 
rounding - - - - 188 
Permiscen Bay^ recent formation at - - 11 
Plymouth^ extraordinary reservoir at - - 10 
Polgootky history of the lodes of - - 14^ 
Porphyry^ of the dyke formation ' - . - 42 
Porthelioj interesting junction of serpentine with other 

rocks at -> - - - 30 

PortlevBny vegetable remains in the basrn at • 236 
Prussic acid^ generated during the deflagratioa of aa 

unknown species of ^ulia ^^ m 229 

Q 

Queries y respecting lodes - - 246 

Quills^ the use of in blasting rocks, dese ihed • 83 

■ ■ offer no security against explosion n - 87 

R 

£ece;tfformation of sandstone - • 1 
Refining tiUj the art of examined - - 208 
Resolution of the Grand Jury of the County of Corn* 
wall, respecting the Introduction of the Safety 
Bar . , . . - 96 
Rock basins^ to be seen in Scilly - - 31 
IloGEiis, the Rev. John, on limestone rocks in Corn- 
wail - - • - 114 

Oil vegetable remains in the 

basin at Portleven ... 236 



Safety Ivsfrumenis^ successfully introduced - 89 

IS(dnt Keverne^ great fertility of the lands at • 189 

■■■ Michaels Alouni^ granite veins at • 39 

• fertile junction to be seen at 182 

* ■ ■ minerals to be found at < - 141 



INDEX. 
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Pa^e 
Salt wines in Poland and Gennany, an account of 154, 169 



Salzburg^ lalt mines at 

Sandstone, recent formation of - - 

Schiller spar^ or diallage - -' •• 

SchemnitZf the mining academy of - - 

Scilly Islands^ the geology of » 

Serpentine of Cornwall^ boundaries and position of 

. — - resembles that of the Appen- 

nines . • . - 

Shifting cartridgCy a description of the - - 

,r > . would sare one-fifth of the gun- 



154 
1 
35 
74 
30 
39 

46 
02 



powder now used - - 

Sienite of St. Keyerne 
Silver, the discovery of, in Cornwall 

usually found in cross courses 

SUUe of Cornwall alternates with grawacke 

i>7ff/y *oti!y, character of . « « 

1 Talue of, yery Tariable 

Soap rock, or Steatite, veins of, worked 

. . quantity of, annually quarried 

^ conjectures concerning the nature and 



32 
36, 180 
. 118 



125 
33 

104 

185 
34 

233 



origin of - - 

Soils derived from the decomposition of rocks 

vareties of, in Cornwall 

Steam Engine, introduction of the, to Peru 
Steatite, or soap rock 



43, 44 

. 169 

- 171 

• 212 

34, 43, 233 



4 

Tamping, the operation of, described 
Thallite, occurring in garnet rock 
Tin, quantity of, annually raised 

on the processes of smelting and refining 

Toa^s eye wood tin 

Tourmaline, in granite 

Trereiffe, remarkable fertility of, exphtined 

TnEviTHicKv^he principle of his engine noticed 

Trewellardf w^i defined asunite at 



81 

29 
250 
201 
237 

21 
181 
212, 219 
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Trengnainion^f fcTixXe }\mcilon 2Lt . - 181 

TftisT, the Rer. S. J. on the limestone rock* atVeiya^, 107 



Fen/an^ limestone at - - . - 

• compared with that at Plymouth 

ViTiAN, J. H. Esq. on the processes for making the 
preparations of arsenic, as practised in Saxonj 
on the processes followed in Bo- 
hemia, for preparing smalt or cobalt 
■ . .. on the mining academies of Frcy* 
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berg and Schexnnitz " " / 
on the salt mines of Wlelitska 



and Salzburg • 



107 
109 

61 

66 

71 

154 
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Watir^ impregnated with carbonate of lime, unirer- 

sally esteemed wholesome • • 1 1 

TVherrh Mine, a most stupendous adrcnturc 42, 136 

Wielitska, the salt mines of - • - 154 
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